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PREFACE 


rHiB book represents antattempt to gather upPand make full ua^ 
of the numerous detailed suggestions on methods of teaching 
Algebra, on the choice of subject-matter, on th^election of illus- 
trations, on the coifstruction of exercises and test-papers, etc., 
which have come undertthe author's notice since Ub first began 
(fifteen years ago) to write on the subject. It is d^ided into 
three parts. Part 1 deals with notation, formulae, simple equations 
and problems ; Part II includes factors, fractions, simultaneous 
and quadratic equations ; Part III completes the course for 

additional mathematics” in School Certificate. Higher Certi- 
ficate and Scholarship work is dealt with in Advanced^ Algebra 
(Durell and Robson). 

The book, both as regards text and exercises, is written to meet 
the requirements of ordinary pupils. If a book includes enough 
(and sufficiently difficult) examples to occupy and ^ain pupils of 
special ability, it must contain much that is neither required by 
nor is ^flNable for mmy of the others. For this reason, an appen< 
dix has been compued, consisting of revision Sxercises, ^harder 
Bupplem^tary exercises and harder test-papers ; and^ferences 
to it have been inserted* at jappropriate places. HMs appendix 
will alio be of# 2 se to those teacheis who like to have a large range 
of examples from which to make their own selection for class work, 
and it supplies in a systematic form the* material^ for a revision 
course. Both Parts I-II (bound together) and Part III may bo 
obtained with or without the relevant portions of the appendix. 
Another feature to wtiich the author attach& importance is tl% , 
provision of groups of “ Extra Practice ” exercises at the end of 
Part I and of Part %I for pupils who need additional “ cfcill ” ; 
similar exercises are included in ^e appendix to Part fll. 

The initial difficulties in Algebra are mainly due to the novelty 
of the notation. These are bfst overcome by training the pupil 
’ to think in numbed #hen using letters and by dpnlbnstrating the 
practical^ utility oj the notation by appMcations to formulae. 
These two principles ha’^ dWermined the selection of ties subject- 
maltter of the early chapters.* Throughout the bootc^illftstratione ^ 



ipi 

have been drawn from practical geometry, physica^md meoh^ca 
t6 increase tVie interest in the theory and to secure variety in its 
problems, and this object is furthered by a free use of diagrams. 

Tlwre are a few exercises in Part III (Ex. VIII. a, c, IX. a, 6) 
which merely* elaborate types of examples includaM in Part II. 
The requirements of certain examinations make it necessary to 
insert ^tbem, but the continuity of the course willc^not be broken 
V they are passed over. 

The author ac]piow]edges gratefully the valuable help he has 
received from Miss E. M. Read, Mf. G. Ayres,«and Mr. A. Buckley, 
who havdreqpi the proofs and have made piany useful suggestions. 
He is also indebted to Mr. R. M. Wright for some of the test* 
papers and for assistance with the proofs. 

C. V. D 
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CHAPTER I 

FIRST NOTIONS 


I' fitted 

•' L ‘ \ 5i’ 5. 




General Statements 

• V 

The following exaij^ple, illustrating the use of letters to 
generalise statements, is ^tended for oral discussioHL • 


Example 1. Part of a post is painted black, n^ely the 
shaded portion in the figures 

below ; the rest is white. What is ^ ^ * 

the length of the white portion ? ' "n 

The post is 9 ft. long, and the - -9ft 

black portion is 7 ft. long 
the white portion is 

9 ft. - 7 ft. long or 2 ft. long. Repeat with the following figures : 


^2 ft 

u:::LmL zi. 

3 ft ^ 1 ft ► 

^ - ~ h ir) >. <r5cm,-^ 

p - — ^ I 

^ 3Q i,j -th- >• < / cm. — ■“ 

^ lift ^ ^ 

• — ift, — 

FIG 2. • 


The general statement is as follows : 

If the length of the fiost is I feet and if the length of the part 
painted black is 6 feet, then the length of the remainder, painted 
white, is I feet - h fee^ ■" 

These statements can be shortened by using brackets. 

Instead 9 ft. - 7 ft., wo may write (9-7) ft. ; and instead of 
I feet -6 feet, (l-h) feet. Thr contents of a bracket are then 
regarded as equivaldWff to a single number. 

m *j 

Letters are used ^ represc.U numbers. Do no^ use-^them to 
feprasent qt/antUies^ t.6. nxmber^-of’things^ * 

D. 8 UK A 


s • A ALGEBRA loh. 

Do not ftfey the leilgthof a rod is Z,^but say that its length ia 

I inches or I feet or I An,, etc. 

< 


The Use of Symbols 

• ^ 

The symbols + , - , x , h- have tne same meaiihigs in Algebra ^ 

as in Arithmetic. 

The following symbols are in common use : 

= means “ is*^qual to ” ; thus 6-2=3 and 4x6 =20. 

/. means “ therefore ” ; thus 1 yd. =3 ft^ 4 yd. = 4 x3 ft. 

> mean^‘‘ is greater than ** ; thus 5f> 2 and 3J > 2}. 

< mentis “ is less than ” ; thus 2 < 6 and 2| < 3 
There are two other symbols it often convenient to use. 
means “ is approximately equal to ; thus 3} 3-14. 

means “ is not equal to ” ; thus, if a; = 5 and y — 2, x^y. 

Do not confuse = with ; use the 83 nnbol = as a verb. 


EXEECISE I. a 

* € 

State in words the following : 


1. 3x4 = 12. 
5. 3< 4< a. 
9.‘n^3. 

13. 6J:2^-3. 

17. ajpfO. 


2. 

7 >4. 

3. 

5< 8. 

4. 

1^=1 -25 

6. 

10>8>7. 

7. 


8. 


10. 

A< 8. 

11. 

x=y=3. 

12. 

a^2. 

14. 

6>z. 

15. 

0<6<7. 

16. 

4>l>3. 

18. 


19. 

a7^6. c 

20. 



Write in syinliofs the following : 

21. 3® is greater than 3. 22. (J)® is less than J. 

23. N is equal to 8. 24. A is greater than 5. 

25. 2 is not equal to nought. 26. I is less than 3J. 

27. y lies between 1 0 and 20. 28. A ajid B are equal. 

2 S. o$ the two numbers a; alid y, the greater is x. 

30. An appa'oximation for n: is 2 ^. 

31. The numbers a and h each^ equal 10. 

32. The niimber N is less than 100 anti is greater than C. 

33. Twice N equals fourteen, therefore N equals sevflh. 

34. If/I filhs three equals eighJ,*Tiheh N equals five. 

35. if t tninus four equals six, then t equals ten. 



s 


4.] FIRST NOTIONS • 

• ^ZESGISi: I.l 

1. How much can the water-level rise in each of the glassei 
shown in Fig. 3 before the water overflows ? Answer the same 



question for a glass (i) 5 in. high containing water d in. deept 
(ii) h in. high with water d in. deep. 


2. There are two parcels of unequal weights in the scale pans 
of a weighing machine, the heavier on the left. • 


• 

(i) 

(ii) . 

(iii) 

(iv) 

(V) 

Weight in left pan 

6 1b. 

10 lb. I 

8 1b. 

Wlb. 

Wlb. 

Weight in right pan - 

4 lb. 

3 lb. 

1 

u lb. 

1ft. 

w lb. 


What^eight must be placed in the right-hand scale pan to make 
them balahce ? Make a general statement. ^ m 

3. Part of a rod, see Fig. 4, is painted red, another J 
part is white and the rest^is black. ^ 


(hi) (iv) (V) 


■ fl 

Total length of rod in cm. 

10 

jl: 1— 

12 

18 

• 

4 1 

1 

Length of red part in cm. - 

5 

7 

3i 

4 

• 

r 

Length of w hite part i* cm. 

3 

4 



w 


Find the length of^he black part in each case. 
Make a general statement. ^ 

4. Find the height of *a pile of* equal note- 
books : ® 


\WhiU 


iBfhoh • 


Fig. 4. 



(i) 

(ii) 

(iii) 

(*V) 

(V) 

(vi) 

Number of note-boeks 

10 

12* 

20 

n 

» 

15 

• 

n 

Thickness of each book in cm. - 

2 

3 

n 

2» 

•t 

t 

- - ^ , 

•• 





4 • ^ A NEW ALGEBRA " [ch. 

6. Wrife down, without multiplying; out, f. 

(i) the number of feet in 2 yd., 7 yd., 4 J yd., x yd. 

(ii) thenxunberof pencein 48., 13s., 3^8., Ps. 

6. Fig. 5 gives the dimensions in yards of three rectangular 
6elds ; find .the total length of fencing required for each field. 



Fig. 0. 

Give a general statement for the perimeter, when the length ia 
I yd. and the breadth is h yd. 

7. (i) With the data of Fig. 6, state the distances of P and Q 
from B. What is the distance of R from B ? 

-< 600 yd. > 

350 yd. ► 


200 yd. ► 


1 1 1 XB 

P Q R 


M a yd. - 

Fig. C 

(ii) If Ab yd., AR =480 yd., how far is R from B 7 

(iii) If AB =a yd., AR =a yd., how far is R from B ? 

8, Find* how much a man saves eai^h year : 



(iV 

(ii' 

(iii) 

(if) 

(T) 

Income in £ - x 

500 

700 1 

1 

I 

800 

I 

Expenditure in £ - 

400 

300 

600 

E 

E 


* Make a general statement. 

9. Tickets for a concert cost two shillings each. Wliat are 
the naceipts if (i) 100, (ii) 240, (iii) n tickets are sold ? 

• What ftre the receipts {i t tic?Kets fure sold at P sliillings each T 

10, Write d^wn the size of each unmarked angle in Fij'ij. 7. 


• 116 / 


Make a ^neral statement' 




Fig. U 
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Ilf A charabwc holds people. Hbw many are x^uired for 
a party containing IdO people, 200 people, *480 people T Make a 
general statement. 

12. A watch loses 10 seconds an hour ; how much does it lose 

in 3 hours, 8 hours, 2| hours ? Make , • 

a general statement. > ^ ~ 

13. Fig. 8 represents a rectangular shed j 

EDGF in the Corner of a rectangular sq • — / -♦ 0 

garden ; the dimensions are given in , « 

feet. I 

Find the lengths of AE and.fic (i) if ^ L f 1 q 

6 = 10*. / = 15, (ii) if ^ = 12, Z=20, (hi) in 
terms of b end I, • 

14. How many hours is a person in bed in the followyig cases ? 


Time of going to bed 

10 p.m. 

9 p.m. 

9 p.m. 

yp.m. 

Time of getting up 

7 a.m. 

7 a.m. 

X a.m. 

6 a.m. 


Make a general statement. • 

15. Fig. 9 represents the^fioor of a room with right-angled 
corners. Find the lengths of DE, EF 


(i) with the data in the figure ; ^ 

(ii) if AB =a ft., BC =c ft., AF = 14 ft., CD = ft. 

(i^ if AB =-.a ft., BC =c ft., AF =x ft., CD =y ft. 

16. Fig. 10 represeAts a rectangular enclosure ;#the dimensionff 


•A W F 



Fio. 9. FlO. 10. 


are given in feet. Write down th^distance of B from P, {neaSurei} 
round the enclosure, (i) through A and B, (ii) through C. 

Find ^so these distances if AB =6 ft., AD =d ft. • 

17. When a man is 40 years ^Id, his son is 10 years old. Copy 
•the given table, conipletb i€, and make a general statement. 


Age of Father 



40 
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18. The" area of the flSor of a rectafigular room is 180 sq. ft. 
Copy the g?ven table/ complete it, and make a general statement. 


Length of room in feet 

18 


1 

1 

! ^ 

Breadth of room in feet - 


12 

'i 

b 

y 


* 

Notation in Algebra 


The operatioi?, “ multiply the number N by 5,” might be 
written N x 6 ; to save time, it is written 6 K. 

1 ' IN 

Similarly, N x ^ which equals ^ x N is written or ^ 5 ®Lnd 

M 3 ■ 3^, 3N 

N X 5 - IS written jN or -r- . 

4 4 4 


Just as 5x9=9x5, so a xb ~h x a, and the short-hand form 
is ab or ba . But, just as 6 xl=lx 6 = 6 , soNxl=lxN=-N; we 
therefore write N instead of IN. ♦ 

In Arithmetic, 57 means 5x10 + 7 and 5f moans 5 -r J ; but 
in Algebra 5N always means “ five times N ” or “ N times fi\e ” ; 
ab always means a x b or b x a. 

In other respects, notation in Algebra is the same as in Arith 
metic ; i ‘ 

^ X 5 X 5 is written 5® ; N x N x N is written N®. 


2 -r-3 IS written | ; 

VO is the squire root of 6 ; 

3 2.. _ 3+2 

+ iy IS equal to — ; 


is written ~* 

.. o 

\^y is the square root of y. 

a b . 1 ^ 0+6 

- H — IS equal to 

X X ^ X 


* Nzample 2. What is the meaning of 3N - 7 ? What is its 
value if N stands for 5 ? 

^ 3N meems “ multiply N by or “ multiply 3 by N.” 

To obtain the value of ^N - 7, multiply N by 3 and then subtract 
7 fiom the result. *' 

it N stands for 5 , 3N - 7 =3 x5« - 7 = 15 - 7 = 8 . 

* ’ 

r « “ 2 

Bzam^e 3. If r iM^ands for 8 , what is the, value of 7 
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¥ 

. Exercise i.*c • 

• • • 

State in words the meaning of the following, and afterwa/rds 
state their values if N = 6, a = 2, 6 = 1. 

N 

1. 3N. •. 2. N+3. 3. 4. N-3. 5. N». 

6. 2N+2. *7. JN. . 8. 9. 2N*f-3. 10. JN*. 

11. aN. 12. ab. 13. a^b. 14. -. , 15. 6*. 

• ® 

le.’tN. 17. 2aN. 18. 2o+N. 19. N-2a. ^0.4i-2bi 

21. a6N.* 22. 3a*. 23. N -6. 24. 3+a. 25.^5a-N. 

26. r. 27. 3+aN. 28. 29. Sab. 30. o+6N, 

6 N 

If a: := 3, 2 / = 5, c = 8, find the values of the following : 

31. 2ar. 32. «*. 33. * + 2. 34. a: -2. 35..|. 

36. < 1 /. 37. yx. *33. 2xy, 39. y-a?. 40. 2ir-y* 

41. c-fic. 42. cx. 43. c-2a:. 44. cy - lOx. 45. 2y>, 

Write down the results of the following opeiatioift : * 

46. Add 2 to N. 47. Multiply a by 3. 

48. H31¥ of 6. # 49. Subtract g from c. 

50. Four times 1. 51. Add 1 to x. * 

52, Tvvd-thirds of p. ^ 53. Double y and.j.c£l 2. 

54. '^hree loss than n. * ^ 55. Divide 12 by t, 

56. Increase e by 5. 57. Halve# and then add 2» 

58. Half the sum of 5 and 2. 59. De^rea3e A; Ijy 1. 

60. Multiply N by 4 and subtract 2 from the result. 

61. Divide r by 5 aivi subtract the result fr»m 10. 

62. Square c and multiply the result by 6. 

63. Multiply togetlfer 6, a, c and double the result. 

64. Multiply r by 5 and divide tfie result by 5. 

> 

. Like •Terms 

• •• • • 

If an e::pres8ion consists of various part^ some of which are 

connected by + or -• sig^s, and others by x or — ^gns, the parts 
connected by + or - signs are^called terms. A fomfi^ discussion 
of like end unlike terms is best taken later, see p. 44. 
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Example "4. Generalise' the statement, 9+9 + 9cf-9+9=9x5. 


FJQ. 11 

f 

A straight fence, see Fig. 11, is made up of 5 hurdles, ea^h 9 ft. 
long ; 

Its total length = (9 + 9 + 9 + 9 + 9) ft. = 9 ft. x 5 ~9 x 6 ft. 
Suppose each hurdle is x feet long ; 

The length of the fence =(x x +x -^x -\-x) it,=:x ft. x 5 = 5x ft. 
Thus,^ x + x+x + x + x=xx5=5x. 

Example 5. Generalise the statement, 3x9 + 6x9 = 8x9. 

A fence is made by first setting up 3 hurdles, each 9 ft. long, and 
then adding 6 more hurdles, each 9 ft. long. 

The lengths of the two portions are 9 ft. x 3 and 9 ft. x 5. 

There are in all (3 + 6) hurdles =8 hurdles ; 

total length =(3 x 9 -|-6 x 9) ft. = 8 x 9 ft. 

Suppose each hurdle is x feet long. 

The lengths of the two portions are x ft. x 3 and x ft. x 6, which 
equal 3x /t. and 5x ft. ; and the total length is x ft, x 8 or 8a; ft. 
total length =(3.i; + 5a;) ft. =8a: ft ; 

Thus, 3x f5x = 8x. 

Thi" is simply a short-hand statement. 

3x=x -tx +x and 5x =x -^x ’\-x -hx -\-x, 

T*. ^-{■5x=x-\-x-tX’\- x'-tX+x+x+x^Sx, 

Example 6. Simplify lx - 2x. 

Suppose a fence is made of 7 hurdles, each x feet long ; its total 
length is lx feet. 

^ Now remove two of the hurdles ; then^the length of the part 
removed is 2x feet. 

But 5 hurdles remain ; the length of thj3 remainder is bx feet; 

.*. 7x‘-2x = 5x. 

*• • 

This is a short-hand statement for the following : 

X -tx -tx -^X -\-X +X +X-X ^x =x + x-tx + x + x =5x. 

Example 7. Writ^ more shortly : 

^ (i) 5a X 3 ; (ii) xx3y; 

* (iv) 2a X 5ab ; (v) 6a -^2 ; 

•• 


(iii) 2a X 56 ; 

... 6a . 

(vi) X 4. 

® a 
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• (i)5ax3« =5a + 5ab+5a=-15a. • 

(ii) a;x3y =a;9(3 x2/=3 xa; xy = 3x^. . 

(iii) 2axQb =2xax5x6=2x5xax6 = lOab. 

(iv) 2a x5ad=2 xa x6 xa x6=2 x5 xa xa x& = 10a*b« 

(v) 6a-fi =£^ = 3xa = 3a. 

5xax4 5x2xa 10a 

(V,) -^X4* =— g^=-^ = -3-. . 

To simplify an expression contiiining several J^rms, work from 
the left unless, just m m Arithmetic, brackets or multiplication 
and division signs show ^at operations must be peWorftied in a 
different order. Thus 11-3+2 = 8+ 2 = 10; similarljr, 

1 la; - 3a; + 2a7 = 8a; + 2a; = 10a;, and Ty + 2y - 5y = 9t/ - Sy = iy, 

EXERCISE I. d 


Write down short hand forms for the following : 


1 . 

A x3. 

2 . 

B x4.^ 


3. 

C x( 


4. n +n. 

6 . 

a; +a; +a;. 

6 . 

y +y +2/ +y. 


7. 

32 + 

32. 

8 . 3a X 2. 

9. 

3a X 5. 

10 . 

36+26. 

11 . 

4c + 

c. 

12. 4dx2. 

13. 

Three times 

N. 14. Three times 2p. 


15. Four times 3 ^'. 

16. 

Half of A. 

17. One-quarter of 

4B. 

18. Two -thirds of C. 

19. 

12e+3. 

2d. 

15/ 

6 ■ 

21 . 

t 

2 

x6. 

9 

22 . j >v 6 . 

23. 

• 

4 x7y. 

A A 

24. 


25. 

2 

32 


2^. 5a: +6. 

27. 

w • 

8 x^ 6 . 

28. 

|x8. 

29. 

6 *xJ. 

\ 

30. 6 a X 

31. 

3x-rl2. 

32. 

8 r^l 2 . 

33. 

8- 

+ 1 . 


34. 

35. 

4y xj. 

36.. 


37. 

6 a -hi, 

\ 

38. 106 -rf. . 

39. 

3 x7+2 x7. 


40. 3«+2<. 




41. 

^ +4p. 

42. 

6 x 8 + 8 . 

• 

43. 5y+y. 




44. 

2 + 3z. 

45. 

6 x9 - 2 x9. 


46. (V®-^ 




47. 

3/-/. 

48. 

4^— 3<. 


49. 5p -&p 




50. 

2g-q. 

51. 

a +a + 2 a. 


52. 36+26 

+ 6 . 



53. 

4c + c + 4c. 

54. 

3x + 0+a;. 

••• 

^5. iy+y- 

-3y. 



56. 

22 + 62 - 42. 

57. 

8r-2r-6r. 

• 

58. 4J-0- 

8. 


' 

59. 

6«-2/ + 3<. 

60. 

c X 3c. 

61. 

2dx3d, 

62. 

a 

X 36. 


63. X 4y, 

64. 

^ X 32. 

65. 

5 X 4a. 

66. 

be 

! x6. 


6V'. 6cx2&. 
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68. 3&C X 36. 69. x 36c.- 70. x 3a^. 71* Zx^ x*2. 

' 72. Y ^ 1^1* 5 ^ I ^ 

• 

Numbers and Quantities 

f , 

Letters in Algebra are rised to represent numbers ^ numbers-of* 

< things. * 

A letter may st^sind for 2, 15, f , etc., but not for 2 pence, 1 5 days^ 
J mile, etc. ' •. 

A numbeZ-of-things is called a quantity. * 

Wlien (lealing with quantities, always state what the unit is, 
as in the following examples : 

A parcel weighs W lb. ; a book costs C shillings ; a room is 
h feet high ; a tank holds n gallons. 


EXERCISE I.e 

1. I walk 8 miles and then ride 4 miles. How far do I go ? 
What is tf le gnawer if 5 = 3 ? 

2. A box weighs 3 lb. ; 1 put into it two parcels, one weighing 

2 lb., the other W lb. What is the total weight ? W^t is the 
answer if W =5<? . ^ 

3. ^A milkman sells m gallons of milk out of 20 gallons ; how 

much has he left ? What is the answer if = 16 ? < 

• « 

4. A bus fare is 4 pence ; whatf is the cost of (i) 5 journeys, 

(ii) n journeys ? * ' ♦ 

5. T buy c appleS an[l tlien buy 2 more ; how many altogether ? 
What is the answer if c = 10 ? 

6. I buy a bunch of 3^ bananas and cut off 3 of them ; how 
ifiany are left ? What is the answer if ^ — 5 ? 

7. A basket, weighing W lb. when empty, contains 6?i lb. of 

apples ; if 2 lb. of ay)ples are sold, whatcis the weight of the 
basket aqd the remaining appl^i ? WTiat 
is the answer if W = 4 and ~ 5 ? *■ 

8. Fig. 12 represents a carpet on the 
floor of a room ; there is a margiia 2 feet 
wide all the* way round. What is thS * , 
length and breadth of the carpet ? What 

is the anigwer if Z = 30, tc = 15 ? ^ 

9. I #a^^alk 4 miles an hour. *How far can 1 walk in 3 hoiirs, 
‘^1 hours, Zt hours ? 




I.] 


FIRST NOTIONS 


11 


10. What is the cost of^he following^ ? 

(i) 6 lb. of bmtter at I pence per lb! 

(ii) 2 oz. of pepper at x pence per oz. 

(iii) m yd. of silk at 12 shillings per yd. 

(iv) X gallons of oil at p shillings per gallon. • 

(v) R feet of pipe at n pence per foot. 

(vi) N dozen note-books at P pence each book. 

11 . How many inches are there in 4 ft., 4 ft. 9^n., I ft., I ft.w in.,^ 
V yd. ? 

12. How many shillings have Heft if I spend* 

(4) 5s. out of £2«j (ii) 5s. out of £N ; (iii) Ps. out of £Q T 

13. What is the total length in inches of the wire flsecfto make 

the grid in Fig. 13 ? . • • 

Each inch of wire weighs 1- oz. ; what is the weight of" he grid ? 

What is the value of 
each answer if a = 2, 6 = 8 ? 

14. It is now a quarter 
past ten ; in how many 
minutes will it be (i) 10.25, 

(ii) ^ minutes past ten, (iii) * 
n minutes to 1 1 ? 

15. A man buys a horse 
for £40 and sells it for £P ; 
what is his profit ? 

16. Bj^i^selling a watch for 
much did it cost me 1 


-bin 


A 
a i 





•••‘-b in—« 
lUQ. 13. 


shillings, I gain 10 shillings ; how 


17. (i) V apples are shared equally among 5 boys ; lg)w many 

does each have ? • • 

(ii) V apples are shared eqvfklly among 5 boys and x girls ; how 
many Aoes oacfi have ? 

18. A car uses a gallon of petrol every »24 miles, (i) How far 
will the car run on 2^ gall., N gall. ? (ii) How muclf petrol is used 
to run 1 mile, 10 miles, .s miles ? 

19. Fig. 14 represents a short flight of stepsufrom A to B. Each 
step is h inches high and d inches 

deep. What length f)f carpet is a » 
needed to run from A to B ? ^ 

20. A jug holds 2 pints. How ' ^ 1 ^ B 

many jugs are needed for k pints. Fig. 14. 

n gallops ? ^ 

• 21. A pail holds |i*j5lnts. How many times can itl^e filled from 

a tank containing 100 pints, N pints, V gallcms ? 

22. A railway porter is paid b shillings a week and receives in 
tips n shillings a day. How mflch does he get each ^^^ft^working 
6 days^ 
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23. A family uses 3 loAves of bread day. H^w many loaves 
are needed for n daysf t weeks ? How long will x loaves last ? 

24. Eggs are 3 pence each. How much change (in pence) is 
there out of half a crown, if you buy z eggs ? 

25. How long (in hours) does it take to travel 20 miles at 
10 m.p.h., V m.p.h. ? How long for s miles at u m.p.h. ? 

26. A boy is now y years old and his father is now three times 
as old. How old will each be in 3 years’ time ? 

27. A row of houses is I yards long ; each house is w yards wide. 
How many houe^is are there in -the row ? 

28. A bookshelf is I feet long ; how man> books, each t inches 
thick, will i€ hold ? 

29. Take the number n ; square it and multiply the result by 6. 

30. Take the number p ; multiply it by 4 and subtract 4. 

[Note, For additional examples, see Appendix, Ex. S. 1, p. 274.] 
Meaning of Brackets 

It was pointed out on p. 1 that the contents of a bracket 
may be regarded as equivalent to a single number. 

Thus, (7 -f 3) means the number obtained by adding 3 to 7 § 
and (N + 5) means the number obtained by adding 5 to N. 

The product of 9 and (7 + 3) is wTitten 9 (7 +3). 

The product of 9 and (N +5) is wTitton 9 (N +5), 

Similarly (p means “ subtract q from p and divide the 

result by 7>” It is usually writton^^y - or ^ (p - g). 

Also, just as a* means a xa, so (a; 4 t/)* uieans “ add y to x 
and multiply the result by itself.” 

Brackets show the order in which operations must be 
e performed. 

Thus 5 + 2(3 +4) means “add 4 to 3, doable the sum, add the 
result to 5.” 

• 5 4 2(3 +4,^ -5 +2 X 7 -5 + 14 -=19. 

But (5 + 2)3 + 4 means “add 2 to 6, multiply the sum Vy 3, add 

4 to the result.” & 

(5+2)3+4=7 x3 + 4=2l 4*4r«t26. 

And (5 + 2) (3 +4) baeans “add 2 to 6, add 4 to 3, multiply the 
first suiy by tthe second sum.” 

(5+2)(3 + 4) = 7 x7=49. 
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Dzample 8. 8 oz. of a^oa are packed in a tin which W^ha 
t oz. when empty. What is the weight of 5 tins of coooa ? « 

One tin when full of cocoa weighs (t + 8) oz. 

/. 6 full tins weigh 5(t + 8) oz, . 

Again, the empty tins weigh 5t oz., and the cocoa by itself 
* weighs 6x8 oz., the whole weighs (6i + 6 x 8) oz, • 

• 6(<+«8)oz. = (6«+5x8)oz. • 

5(t + 8)^5t + 5 x8. 

Thi ^9 if an expres^on in a hmcket is multiplied by a number ^ 
each term in the bracket mmt be multiplied by that number, when the 
bracket is removed. 

Tost this statement numerically. Suppose that the tilh weighs 
2 oz. ; then i—2, 

6(/ + 8) =6(2 + 8) =5x10 =50. 

and 6^ + 6 x8 = 5 x2+5 x8 = 10 + 40 = 50. 

/. if ^ = 2, eax^h expression equals 60. 

EXERCISE I.f 

State in words the meaning of the following ; a^ af^ertvards 
find their values if N =6, a =2. 

1. 2(N + 1). 2. (N+3)a. 3. 6(N-.5). 4. 3(a + 3). 

5. a(3N+2). 6. (2a -1)4. 7. N(a + 1). #8. (2a-l)N. 

P'ind the^values of the following, if a; = 3, 3/ = 6, c = 8. ^ 

9. 2{c-x). 10 . c( 2 /-^). • 11. {x-2)y. 12.*--—. 

§ • • ® 

Remove the brackets in the following ; and mfterwards test the 
results for the given values. • 

13. 3{2i + l); Z = 4, 14. 4{o-3); 0 = 6.* 

15. 2(3p-4); p=3.^ 16. 3(5 + 2a;) 4 a? =2. , 

17. a(6 + 3) ; a = 4, 6=2. 18. 2p(3a -4) ; p=5, o=2. 

19. Zx(y-\-z); a; =2,«2/ = 3, z =4. ^ 

20. 6a(6 -2c) ; a = 4, 6 = 6, g=2,* ^ • 

Find tbe values of the following, if o = 3, 6 =2, c =6, d = 5. 


21. a + 6(c+ci), 
24, a + ^+c)d. 
27. 6+c-ra+d. 
30|. c-:-(a+d). 
33 ! {aa&b)\ 


22. (a+*)(c+d). 

' * 25. a +6c +d. 

. 28. (6+c)-^(a+d). 
31. 6+#-+(a+d), 
34. o*+(6+c)®. 


23. (a + 6)c+d. 
26. (6+c)-+a. 

29. (6+c)+a+d, 
32. 6 +^i^>“rC. 

35. (a + ?-i^)*. 
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. \jse of Brackets < 

* Example* 9. 8 oz. of cocoa are packed in a tin which weiglia 

t oz. when empty ; 30 tins of cocoa are packed in a box weighing 
W «oz. What is the total weight ? 

One tin, when full of cocoa, weighs (8 +0 oz. ** 

SO'tins of cocoa weigh 30(8 +/) oz. 

.*.• the case of ‘cocoa weighs W oz. +30(8 + t) of. 

It is simpler to write this answer in the form [W + 30(8 -ft)] oz. 

r o 

Note, If one set of brackets is enclosed, p.s here, inside another 
set, differeiit shapes of brackets shoy^ld be used, because this 
makes it easier to see what the expression means. 

EXERCISE I. g 

Use brackets when answering the folloiuing questions ; do not 
remove the brackets. 

1. 10 lb. of jam fills a jar Avhich weighs w lb. when empty. 
What is the weight of 10 full jars ? ‘The jars are packed in a box 
weighing P lb. Wliat is the total weight ? 

2. IJiave 10 coins ; n of them are sixpennies and the rest are 
shillings, t/hat is their value in pence ? 

3. A cellar contains k bottles ; six dozen of them hold a pint 
each and the rest a quart each. How many pints^ are there 
altogether ? 

4. 4 man buys glasses at the rate of fid. each for the first 
dozen an# 5d. each for the rest. What is the cost in pence 

(i) of 20 glasses, (ii) of a; glasses, where x>\2 ? 

5. In Fig. 15, fB is 10 inches, AP is I inches long. PB is divided 
into three equal parts. What is the length of each part ? 

A P B 

I 1 1 1 1 

^ • Q R • 

FlO, 15. 

0 

HS. Ip Fig. 15, AB is 0 inch^, AP is 2 inches ; and PB is divided 
at Q, R into three equal parts. What are the lengths of (i) PQ ; 

(ii) AQ ; (iii)*BR ; (iv) AR ? ^ 

7. A man at a hotel is charge £1 a day for the first four days, 

and Ifis. a^day afterwards. What is ‘thj^xjnount of his bill in 
shillings for (i) 7 days, (ii) n days, if n > 4 ? o 

8. A journey by car takes 3J hours ; * for the first t hoim, 

the speed 20 miles per hour, arid for the remainder it is 15 miles 
per hour. What is the distance travelled (f <3^) ? ^ 
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9. A man’s mte of pa;^ is as followa : ordinary time, lOd, an 
hour*; overtinfe, 16^. an hour. The regular working day is 
7 hours. What does he receive for a day on whidh he worki 
<i) 6 hours; (ii) 10 hours; (iii) t hours ii t<l ; (iv) T hours 
if T > 7 ? Answer in pence. ^ 

10. A workman is paid xb, yd. per day. What does he receiv^e 

^ (in shillings) fcft* t days’ work ? ^ 

Write down expressions for the following, Noe. 11-24; 

1 1 . The result of multiplying a - b by 2^. 

12. The result of subtracting P*f 2ft from R. • 

1 3. • The result of subtracting p+q from r -8. ^ 

14. Five*tirnes the sunf of x and y. 

15. Subtract c from d and divide the result by 3. 

16. Three-quarters of the sum of A and B. 

17. The average of p, g, r. 

18. The product of 2a and {y - 2 ). 

19. The number by which 10 exceeds the sum of x and*lf. 

20. The square of the suA of a and b. 

21. The number of pence in (p +q) shillings. 

22. The number of feet in (a + h) yards I indies 

23. Subtract from a half the sum of b and c. 

24. The product of three consecutive whole munbers of which 

(i) I is the least ; (ii) g is the greatest ; (iii) rim ig the middle 
numljer * 

25. A b<fx full of sugar jfveighs W lb. and when emyt^ weighs 
w lb. What is the weight of the sugar in n boxes ? 

26. When a boy is x years old fiis father is y years old ; how 

much younger is the boy than his father ? Ifow old is the boy 
when his father is 2 years old ? * ♦ 

27. A cask when empty weighs P lb. and when full weighs ft lb. 
What is the weight of the contents when tlie c^k is full ? What^ 
is the weight of the casS and contents when the cask is half -full ? 

28. A man was eaiaiing (a-i-36) shillings a week. What are 
his new wages if the old wages arc^creased by one-tentji ? • 

29. The letter rate for inlabd postage is as follqws : 1 Jd. for 

the first ^ oz. and ^d. for each additional 2 oz. or part thereof. 
What is the cost in pence of seeding a letter weighing W oz., if 
W is an even whole i^uinber ? • 

30. Use^he rule in No. 29 to find the cost in pence of postage 
on a letter weighing (2W + 1) oz. where W is a whoj^ nuimber. 
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FORMULAE 

% 

f. Construction of Formulae ^ 

Thb following illustrative examples are intended for oral 
discussion. * 


Example 1. The Area of a Rectangle. 

If you have a rectangle 4 in. long, 3 in. broad, you can divide 
it as in Fig. 16, so that there are 3 rows 
and each row contains 4 one-inch squares. 
Therefore there are 4x3 one- inch squares 
altogether. But the area of a one-inch 
square is called*^ sq. inch. 

/. the area of the rectangle is 4 x 3 sq. in. 
It would be a waste of time to use this 
process whenever the area of a rectangle 
is required. We therefore look for the general method. 

Suppose a re ;:tangle is I inches long and 6 inches broad. Show, 
by relpeating the argument used above, that, if 
I and h lure whole numbers, its area is 1 x & sq. 
inches. Call the area A sq. inches.' | 

Then A=lxb. 


Fib. IC' 


ttn. 


FlO. 17. 


This relation is called a formula. Although 
only proved here for integral values of I and b, it can be shown 
(to be true for all 7 '’alues ; we therefore u^e it whenever we wish 
to find the area of a rectangle. 


Examt>le 2. The Meapurem&nt of Speed. 

A policemw times a car over a measured distance of 270 
feet. c ^ 

If the car takes 6 seconds, its average ^p«ied is ft. per sect 

^45 ft. per sec. ^ 

4 t 270 

If the car takes 4J seconds, its«iverage speed is ft. per sec. 

e= 60 ft. per sec. * c» 
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Tina polioemc||i wishes know the speed in miles per hour. 

45 ft. per sec. per hour" 

= m.p.h. = 30^ m.p^.h. ^ 

» Similarly, 6rf ft. per sec. may be expressed in miles ppr hour; 
but time is saved by usinj the general formula. ^ 

If the car takes t sec. to travel a ft., its average speed is ^ ft 
per sec. • • 

. e 60 X 60 • , 

= 371760 • • 

15 , 155 , 

=^K22m.p.h.=^m.pJi. 

Tliorefore the average speed of a car, which takes t sec. to travel 
6 ft-, is V miles per hour, where 

This is the i)oliceman’s formula ; ho does not waste time by 
working through the argument by which it is proved, whenever 
he uses it. ^ ^ 

EXERCISE II. a 

[// brackets occur in the Answer, do not remo^ them.] 

1. Wljat is the cost in pence of an inland telegram' with 

(i) 10 words, (ii) 17 words, (iii) n words ? [The charge is : 12 
words or less, Is. ; each w^rd^more. Id.] ^ 

2. Hind a fermula for the third angle of a triangle, given the 

other two angles. A®, B'’. [Invent on example with special 
numbers.] ' 

r 

3. Find a formula for the time a train takes to go a given 

distance, s miles, at v miles an hour. [Invent an example with 
special numbers.] • ' ^ 

4. Wlien making tea, put in one spoonful for each person and 

one for the pot. How much tea is required for n people <i) li 
one teapot is used, (ii) if k teapots' are u^ed ? '* 

6. F^d a formula for the cost of n collars, sold*as follows : 

Number of collars - J 4 12 

• Total cost Is, 3d. 5s. 15s. 

6. A member of a club receives 3 free tickets and is charged 
5s. for each additienal ticket. How much does he ^ay for 
(i) 7 tickets, (ii} p tickets 7 Gwe each answer firstly in sJuUmgSb 
secdhdl^ in £. ' 
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7. String is sold by weight, as follo^TS ; ^ 

Weight - . • . 8 oz. *12 cz. 1 lb. 

• Total cost . - Is. 4d. 2s. 2s. 8d. 

Find a formula for the cost of W oz. 

<5. Use the data of No. 7 to find a formula for the weight of a 
ball of string which costs (i^ p pence, (ii) z 8hilling8j'(iii) x shillings 
y pence. ^ 

9.^ A book is ton. thick, each cover i^ c in. thick, and there are 
r n sheets. What is the thickness of each sheet ? [First invent a 
numerical example.] 

10. A piece of cotton is wound n times rotqad a cylinder. When 
unwoimc’, itr measures I inches. What is the girth of the cylinder 

(i) in inches, (ii) in feet ? * 

11. The wheel of a car makes r revolutions when the car travels 
a yards. What is the circumference of the wheel (i) in yd. 

(ii) in ft. ? 

12 . What is (i) the i)erimeter, (ii) the area of the rectangle 
in Fig. 18 ? 
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13 . Fi^. 19 represents a cross with four equal arms,^ What is 
(i) the perqpeter, (ii) the area of the cross ? 

14. How many times can a mg holding p pints Jbe fillec^from a 

cask holding g gallons ? [1 gallon = 8 pints.] 

15. In Fig. 20, AB ia longer thai' BC by the same amount that 
BC is longer than CA. What is the distance of A from B ? 



Fw. 20. Fig. 21. 


16 How many posts are requited for^a straight fence AB, if a 
post is neede^l every 5 yards, see Fig. 2f, if the length of the* 
fenoe is 35 yards, 100 yards, 61 yards, I being an integer*? 

17. Hew many posts are required for the &nce of a field ABCD, 
see Fig.^"21^t>Z yards long, 56 yaMs broad, if a post is needed 
‘ ^ every 5 ^erds ; I and 6 being integers ? % 
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lb- A closed Vox, see Fig. 22, is x in. long, x in. wide, y in. deep* 
outside measurementi. Find (i) the total Jength of all its edges^ 
(ii) the total area of its outside surface, (iii) its volurnfi, • 

What do these results become in terms of x, ii y =2x J 



19. Fig. 23 represents two cubical tins, one of side 21 in*, the 
other of side I in., inside measurements ; the larger is full of water, 
the smaller is empty. How much water is left in the larger tin, 
when the smaller has been filled from it ? How many more 
tins, each equal to the smaUertin, can be filled from the larger ? 

20. Neither tin in Fig. 23 has a lid. With the data of No. 19, 
find the area of the inside surface of each tin. 

21 . Find the area of Fig. 24 by taking the sum of tWo rSctangles. 


22. Find the area of Fig. 25 by taking the difference of two 
rectangles. 


9 ft, 


mm. 




— 





b In. 

. mft. 

byd. 

\ • 

1 9 


• 


y in. 

Pft. 


Ift. 


\ 

1 

1 

X in. 







cyd. 


Fig. 24. 


FIG. 25. 


FIG. 26. 


• • • 

23. Find the area of Fig. 26 by taking the difference of two 

rectangles. t 

24. Find the perimeter of the afeas bounded by the cmtinuous 

lines in^i) Fig. 24, (ii) Fig. 25, (iii) Fig. 26. • 

25. In Fig. 27, AB =6 in., AC =c in., and P is the mid-point of BC. 
• What is the length^f^i) BC, (n) PC, (iii) AP ? 

o 

• p 

A ~ B 

Fig. 27. 


C 
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26. Fig. 28 represents as rectangular trick wall pierced by three 
equal windows, each ?i ft. high, to ft. Vida» The units for the 
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dimensions shown in the figure are feet. \^liat is (i) the length 
and hei^t df the wall, (ii) the area of tlje brickwork ? , 

27. Fig. 29 represents a sheet of paper from which equal 
squares, side h in., have been cut 
away at each comer. The paper 
is folded to form a box, without 
a lid ; the dotted lines show the 
creases. (i) Find the length, 
breadth and height of tlie box. 

(ii) What is the volume of the 
box ? (iii) Write down, without 
any working^ the total area of its 
outside s^irfa^e. 

[Note. For additional examples^ see Appendix, Ex. S. 2, p. 276.}: 


a in. 
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« Substitution 

The pi’ocess of finding the nimierical value of an expression, 
when the fetters it contains stand^ fo^ given numbers, is called; 

substitution. It is required fot’ making use of fosmulae. t 

« 

Example 3. If a: = 3, y =2, find the values of : 

(i) 2.r2 ; (ii) 6xy ; (iii) 

(i) 2x^ —2 i: =2 XX XX. , 

if a; 2a:2 =2 X 3 X 3 = 18. 
t (ii) If a" = 3, y =2, 5a:y ^5 X 3 X 2 = 3b. 

(in) If a? = 3, y =2# ay* = 3 X 2 X 2 X 2 =24. 


EXEECI6E II. b 

If a: = 4, y = 3, find the values of the foll^Tf mg : 
1. 2a;+y. 2. 2xy. 3. y*. • 

5. 6. ~ . * 7. 


4. 2x*. 
8 . 


7. “ y*. 
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S. Jsry*. *. W). 3te-4y. V- «+f- . 

If j3 = 3, g =0, find the values of the following : 

13 7 + 2. ^ 14. 2g, 15. 2pq, "IS. 3p 

17, p*g. 18. p*+g*. 19. p(p-g). 20.^. 

If r =3, s = 5, / = 4, fincl the values of the following : • 

21. T8t, 22. 2r5<. • 23. r + s+f.» 24. <(r+s). 

25:-+.-2«. 56. <8*. 27.-. 18. »*-2rt. 

If a = 1, 6 = find the values of the following : * 

29. o». 30. 6*. 31. o6. 32. a+b. 

33. 606. 34. 1-6. 36. 1. 36. 0*6*. 

If c =3, find the values of the following : 

37. c»-l. 38.2c*. 39.^. 40.—. 

12 c 

41. c*~3c. 42. {c-l)*.‘ 43. (2c)*. 44. 2(c+2). 

If c =6,/ = 2, g =0, find the values of the following : 

46. e/+/< 7 . 46. 3/*+2e<7. 47. . 

48 Je/g? 49. #*-3/*. 50. (e -/)*+i^-y)*. 

If f =ej, w find the values of*the following : 

7 • 

61. l-m. 62. fm. 63. 54. 1 

m 

66.4. 66.6/m’. 57. 21*+ 3m*. 58.?--. . 

I • • ( m • 

69. If a = .36 and 6=4, what is a ? 

60. If y =a:* and a; = 5, what is ^ ? • 

61. If R =ir and r = 16, what is R ? • 

62. If^y =2a: + 3 and what is y ? 

63. If c +d = 8 and d=i3, wh4b is c ? ^ 

64. If 7)57 =48 an(fV = 8, what is p ? 

66. If 5 =3t and J ^2, what is ^ * 

6§. If N -n = 3 and n = 7, wh&t is (i) N ; (ii) N +n Nfi ? 

87. If»y«5=2 andy=s9, what is (i) «; (ii)y+2 7 ^ * 
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68. 6 “d 6 =»2, what is (i) a ; ^<ii) ^ 

69. If 6/ =3 and 1 = 2, what is (i) & ; (ii) 2(6 -f i) ? 

7p, If y = Ja? - 1 and x = 6, what is y ? 

71. If 2/ - 2x and x = 5, what is y ? 

[iVofe.' For additional drill-examples, see Exercise E»P, 1, p. 133.] 
Use of Formulae 

Example 4. From a masthead, h feet above the surface of the 

miles. How far can 

an obseiyer see, if he is (i) at the top of a mast 54 feet above the 
sea, (ii) at the top of a cliff 150 feet high ? 

(i) Put A = 54. Then the distance of the horizon is 

~ =9 miles. 

(ii) Put /i = 150. Then the distance of the horizon > 

=^*^(225) mi. =15 miles. 

The proce^'s of obtaining special results from a general formula 
is called substituting in the formula. 

EXERCISE II. c 

8M 

1. M, miles is nearly the same distance as kilometres. 

Find the number of kilometres in 20 r^iles. ® 

2. P pints of water weigh about IJP lb. WT^t is the w^eight 
of (i) 2 pints of water, (ii) 1 gallon of water ? Find in ounces the 
weight of half a pint of water. 

t 22 w 

3. V miles an hour is the same speed as feet per second. 

cExpress in ft. per «ec. (i) 60 m.p.h. ; (ii) 4,5 m.p.h. ; (iii) 5 in.p.h. 

3a 

4. s yards a minute is the same specjd as miles an hour. 

‘ oo 

Express<tin m.p.h. (i) 880 yd. p )r min., (ii) 88 yd. per min. 

5. When snaking tea for N people, if t teapots are required, 

you must use (N -f t) teaspoonfuls of tea. How much i0 used for 
(i) 5 people (1 teapot) ; (ii) 15 p-^ople (2 teapots) ; (iii) 30 j)eopl 0 
(3 teapots) i ^ 

6. With summer time, the middle of the day may Be taken as 

1 o’clock ; acid so, if the Sun rises at t oVlock a.m., it sets at 
( 14 ~ /) 6’cipck p.m. On May 20, in London, the Sun rises at 
when dp/)s it set ? What is the length of the day ? « 




sea, it is; possible to see a distance of 
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7. Fig. 30 represents ^polygon with 6 sides (t.e* a i^ta^on). 
If A polygon has n sided^^he sum of its ini^rior angte is (2n -4J 
right angles. What is tne sum of the aisles 
of (i) a quadrilateral, (ii) a pentagon, (iii) a 
decagon (10 sides) 7 Does the formula hold 
for a triangle I 

8. n postcards cost (n + 1) pence if w<12 
and cost (n -i- 2) pence if 1 1 < n < 23. What is 
the cost of (i) ^ postcards, (ii) 20 postcards ? * 

9. For corrugated iron roofing, see Fig. 31, 

the relation between the pitch, P*in., and the • Fio. 30. 
depths d in., is • 

The pitch should not less than 3 mches ; what^can you say 
about the depth ? 

The pitch should not be more than 5 inches ; what cafl you say 
about the depth 7 




k F 

Fio. i.l. Fig. 32. 


10. The ** rise ” AB, R inches, and the “ tread ” BC, T inches, 

of a staircase, see Fig. 32, are often connectedeby •the rule 
R = .J(24 - T). The tread should not be less than 9 inches ; what 
can "you say about the rise 7 The tread should not be more than 
12 inches ; w^hat can you say about the rise 7 ^ 

06 ^ 

11. Repeat No. 10, using the rule, R = , which is sometimes 

employed. * ^ * * 

12. The nth day of March Is the same daj’' of the week as the 

1 n + 5)th day ot September. If the 1st of March is a Monday, 
what is the date of the first Monday in Septeftaber 7 What day 
of the week is Sept. 1 ? • • 


13. Using the rule in No. 12, if the 4th of March is a Monday, 
what is the date of th^ first Monday in September 7 ^ 

If the 27th of March fs a Wednesday, what is the date of the last 
Wednesday in Septen^or ? 

o* C" • 100 ® • 

-H 







• F 


Fig. 33. 


21 ?^ • 


if 


14. F° Fahrenheit's the same temperature as Q® Cei^tigradei 
21'^-^32”i^' ^ equivalent to §=^2+^* 


« 



SM 
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Express in' degrees Fiduenheii ; (i) lOO® C.* (ii) Of C.» (iii) 

(iv) 35*^0. • , w . X A 

15. ^nie formula cc>iinecting F and C in No. 14 may also be 
stated in either of the following ways : 

* (i) F = |(C+40)-40; (ii) C =|(F +40) -40. 

From (i), find F for 16° Centigrade ; then use "this value of F 
to find C from (ii). 

Show in a similtj way that the formulae agree for 50° Falirenheit. 

16. Use the rules in No. 15 to state in words how to convert 
degrees Centigrc^de to degrees Fahrenheit, and vice versa. 

17. With the data of Fig. 34, the triangle i® right-angled. ,Wliat 
cesults are obtained by taking (i) x =2, (ii) x =3, (iii) a: =4 7 



18. A'parsel whose weight does not exceed (3n - 1) Ib. may be 
aent by post for (3n + 3) pence, where n is an integer. But 
parcels for which n > 4 are not accepted by the post ofiice. State 
m words wdiat this rule means by taking n ~ 1, n =2, n =3, n - 4. 

19. ' An oak beam, I feet long, 6 inches wide, d inches thick, 
is built into a wall at one end and carries a load of W cwt. at the 

other end,'’see Fig. 35. It will break if W > . WUl such a 

beam, 5 ft. long, ^8 in. wide, 3 in. thick, break under a load oi 
1 ton ? 

If the thicloioss is 6 inches, instead of 3 inches, will it break 
under a load of tons ? 

e 20. The marks obtained in an examination run from 20 to VO- 
They are converted so that an original mark n becomes f, where 
t =2(n - 20). What is the new mark if thenoriginal mark is (i) 3 1, 

(ii) (iii) 40 ? 

What ‘is the now top mark and the new bottom mark ? 

21. A wind^lowing at v miles an hour exerts a direejf pressure 
of P lb. per sq. foot of surface k strik^, where What 

pressure must a hoarding 10 ft. high, 20 ft. Vide, bo able to with- 
stand against (i) a breeze of 10 m.p.h., (ii,' a of 26 m.p.h., 

(iii) a s^rm <Sf 60 m,p.h. 7 

^ [Note.j^ ^or additiorud examples, see Appendix, Ex. S. 3> p. ^80.1 
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Oejieralijed ftatements about .nfumbenr 
Kumboxs represented by letters need not be whole numbers. 

Example 5. Give a general statement which includes^ the 
following special facts : * 

4x7*=7x4; 8xe = 6x8; 3 J x 2| x 3 J. . 

In words ^ if d^e take apj^ two numbers, the result of multiplying 
the first by the second is equal to that obtained by mizltiplying the • 
second by the first. • • 

Using letters f if a ftrid h are any two numbers, ^ ^ 

• * a xh =6 X a. 


Example 6. Give a general statement to include the following j 
and test one of them. 

7a-6»=4x6; 102-8»=4x9; 14» - 12* =4 x 13. 

Test the last statement ; 14* = 196, 12* = 144 ; ^ * 

14* -12* •=196 -144 =62 =4 x13. 

In words ^ if we take three consecutive integers, the square of 
the largest minus the square Of the smallest equals four times the 
middle number. • 

Using letters, if 1, Z + 1, 1 + 2 are three conseciitive integers, 
(Z4-2)*-Z*-4(Z+1). ^ 


The sinylarity of 3 or 4 special facts suggests that ^ general 
statement, which includes alj of them, is true ; but you cannot 
be certain tha^this is so, unless you prove it. Try to prove the 
statement in Example 6 by using Fig. 65, p.c49, and stating the 
area of the whole figure and the area of edch compartment. 


• EXERCISE II. d. ^ • 

Give general statements which include the following : 

1. 54-9=9+6; 2 + 8 =8 +2 ;rtl +3 = 3 + 11 ; A+Bf: ...•. 

2. 5+5=twice 5; 8+%=twioe *!B ; 24 + 24=twio6 2J: 

N*4N= .... 

• 3. Jx3 = l; ^ if 7iiP=^ ; i^xlO = l; -xc = ... •• 

• V 

4. 6x*jf=4; 7x|=4; 11 x,V=4. 

5. 6x1=6; 7x1=7; 12#1=12. * 

6. ^x0=0; 8x0=0; 12x0=0. *. 
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7. 8 exceeds 5 by 8 - 5 ; 13 exceeds 7 by 13 - 7 ; A exceeds 

Bby.... ' t- 

8. What must you add to 5 to make 8 ? Answer, 8-5. 

What must you add to 9 to make 15 T Answer, 15 - 9. 

‘ What must you add to 4 to make N ? 

WTiat must you add to A to make 12 ? 

WJiat must you cdd to P to make Q ? 

9. You obtain? 20 if you multiply 5 by * 

, You obtain 36 if you multiply 2 by ... . 

You obtam 24 if you multiply N by .... 

You obtain c if you multiply 10 by ... . 

Whatsis tlie general statement ? 

10 

5. 7 5’ 8x11 8’ 7x9 7‘ 

11. 2x5 = 10 and this is an even number. 

2 X 13 =26 and this is an even number. 

If N is any whole number, 2 x N is . . . . 

12. 2 X 4 4- 1 is odd ; 2 x 1 1 + 1 is odd. 

If N is £uiy whole number, . . . . ^ 

13. 2 X 6 - 1, 2 X 9 - 1, 2 X 20 - 1 are all odd numbers. 

14. Since 12+5 = 17, /. 12 = 17-5. 

Siilco ^ + 11=20, /. 9=20-11. 

If a + 6 = c, then .... 

15. Sin(?e 4 x 5 = 20 4 ; since 9 x 6 =54, 9 

IfN x3=21, then N . . . . If a x 5 = c, then a , 

16. 5,1, 5, 5 + 1 are consecutive whole numbers. 

14 - 1, 14, 14 + 1 are consecutive whole numbers, 

17. 5-2, 5, 5 + 2 are consecutive odd numbers. y 

13- 2, 13. 1?42 are consecutive odd numbers. 

If N is ... . 

ij 

18. 6-2, 6, 6-^-2 are consecutive even numbers. 

14- 2, 14, 14i-2 are constjcutive even numbers. 

19. What is the next even number (i) above 18, (ii) above N if 

N is even, (hi) above N if N is odd ? ^ 

20? What is the next odd nUiuber, (i) above 22, (ii) above N if 
N is even, (hi) jibovo N if*N is odd ?'' 

21. Wliat is the odd number (i) just below 21, (ii) just%elow 

if f is even ?. « , 

1 i « 

22. The greatest of four consecutive odd numbers is N. What 

is the least ? 

• « 

23. HOWjnany whole numbers are there between (i) 6 and.. 10^ 
(h) 3 andjll, (hi) the whole numbers x and y, if y>x t c 
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24r Write doWn 6 con^cutive whole numbers, such that the 
middle number is (i) 8, (ii) 10, (iii) the whole number • 

25. Up to and including 8, there are § even numbers. 

Up to and including 20, there are" ^ even numbers. 

What is the.general statement ? * * 

26. Up to aifd including 9, there are ^ odd numbers. 

Up to and including 16, there are\^ odd numbers* 

What is the general statement ? • • 

27. The sum of 4, 6, 6 is three times 5. 

The sum of 11, 12, 13 is three times 12. • 

.The sum of + 1, N +2^is ... . 

The |»um of a - 1, a + 1 is — 

28. The sum of 5 and 7 is twice 6. 

The sum of 16 and 18 is twice 17. 

What is the general statement ? 

29. Can you say at a glance the number of crosses in each 
of the ^oups (i), (ii). (iii) in Fig. 36 ? How many are there in 
the various compartments of each group ? 


(i) • (ii) (iii) 



WhaJ is the ^alue of (i) 1-1-3, ^ii) 1 -f 3 -f 5, (iii) l-H3 + 6 + 7t 

Draw a group containing 6 rows of crossjes with 6 crosses, 
m each row and divide it up in the same way. What is the value 
of l-f3-i-6 + 7-h9 ? 

What is the sum of (i) the first 6 odd numbers, (ii) the first 20 odd 
numbers, (iii) the first^/^ odd numbers ? ^ ^ 

30. Take a nimiber ot groups of crosses as in Fig. 36 and add 
them up along diagonals. Prove in this way from group (iii) that 
1 -1-2-1-344 + 3-1-2 + 1=4-. Can ^ou generalise this results 

[Note. For additional driM^xamples, §ee Exercis^ E.P. 2, p. 134. 
For a rSision exercise on Ch. i-ij. see Appendix, Ex. R. l,p. 267. J 
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EASY PROBLEMS AND EQUATIONS 

!• 

( General Instructions 

(i) Numbers may be represented by letters. Do not use letters 
to represent quantities, %.e, nuiribers-of-thinga. (See p. 10.) 

(ii) any problem which deals with quantities, state your 
units clearly. 

(iii) Whenever you use a letter to represent an unknown 
number, first write down a sentence, stating exactly what this 
letter represents. 

Example 1. Express by an equation the following statement ; 

I think of a number ; I then douule it and add 7 to it ; the 
result is 25. 

We m^ht say 

(Twice the number thought of) f 7 —25. 

But it is simpler to say : denote the number thought of by n. 

Then 2n -h7 = 25. 

Thu form in^wliich this statement is now w^ritten is called an 
equation^ and n is called “ the unknown.” The process of dis* 
covering tne unknown number is caflod solving the equation : 
and the value of the unknown number is called the roct of the 
equation. 

The reader may be able to see what this value is ; methods for 
finding it will be given later. 

< 

Example 2. The weight of a box and its contents is 10 lb. ; 
the contents weigh 3 lb. more than the box. 

Express these facts by an equation. 

Suppose that the box by itself weighs W lb. ^ 

Then the contents of the box weigh (W + 3) lb. 

‘ /. W lb. 3) lb.=ii>ib. " 

This is a relation between quantities ; we can obtain from it a 
relation^between numbers, W+W+3 = 10. 

2W+3 = 10. 
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[OH. ra.] E^Y PROBLES^ AND EQUiiTIONS 

• ; ElfEBCISI! m. a . 

Criticise and correct, where necessary t the following statements : • 

1. Let the weight of the man be w. 

2. Suppose the length of the room is 1. 

3. Let X be the cost of the house. 

4. The distance of A from B is ^ miles. 

5. Let the speed of thS train be v. 

6. Eggs are sold at N for a shilling. 

7. Let Z.ABC-a:, * • 

8. Let t be the time it^akes to walk a mile. 

9. Let the required even number be N. 

10. If the radius of a circle is r, its diameter is 2r. 

11. .r+?/ = iao°. 

12. If a room is I ft. long, h ft. broad, h ft. high, its volume ia 
i xb xh. 

13. His age is x. ^ 

14. Let the price of butter be y, 

15. If n is an odd number, 3 is an even number. 


EXERCISE III. b 

What expressions represent the results in Nos. 1«16 ? 
Tliink of a number n. 


1. Double it. • , 2. 

3. H#lve it. • ♦ 4. 

5. Divide it by 10. 6. 

7. Multiply it by 3. 8, 

9. Subtract it from 12. 10. 

11. Take two -thirds df it. 12. 


Add 2 to it. • 
Subtract 2 from it, 
Dimini^ it by 4. 
Increase it by 3, 
Square it. 

Divide ^4 by it. 


13. Multiply it by 3^nd subtract 3 from the result. 

14. Add to it one half of itself. • , 

15. Increase it by 5 and haN^e the resiflt. ^ 

16. Difhinish it by 3 and multiply the result by 4. 

Write the statements ip Nos.®17-25 as equations. If you can 
rfhy at sight what th8»Aot of the equation is, do so. * 

17. 1 thmk of a nu|pbcr, then subtract 9 ; the result is 13. 

18. I think of a number, ther^ double it ; the resillt is# Js. 

19. I tliink of a number, divide it by 4, add 7 ; the result ia 12. 
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20. I think of a number^ then add 15 ; the result is the. same 

as multiplying the original number by '4. « 

21. From the cube of a number, I subtract the square of the 
same number ; the result is 180. 

22. The sqm of two consecutive nmnbers is 37. 

23. The difference between a number and its square is 72. 

24. I Dhink of a number, add 5, double the result, then subtract 
the original number. This gives 17. 

25. A mimber exceeds 5 by half the amount 
that it falls shoit of 17. 

Write the statements in Kos. 26-37 as 
equatioiiS. State clearly in each case what the 
unknown represents. If you can say at sight 
or withwery little work what the root of the 
ecpiation is, do so. 

26. A scuttle of coal weighs 28 lb. ; the 
coal weighs three times as much as the 
Bcxittle. 

27. Tlie rods AB and CD in Fig. 37 are cut 
down by equal amounts, so that olie is just 
twice the length of the other. 

28. A is now 53 years old and B is 21 ; in a certain number of 
years’ tilne, A will be just twice as old as B. 


A C 


65 in. 


42 in. 


B 

FIG. 37. 


29. In Fig. 38, BP exceeds PC by 1 J inches and BC is 5 inches. 

30. In Fig. 38, 


L BAC 4 ^ ABC ^ 4 ACB . 

31. Ir Fig. 38, AB =AC =SBC, and the 
perimeter 'of the triangle ABC k 10*5 
inches. 

32. A hall is tw’ce as broad and three 
times as long as it ist high ; it contains 
6000 cu. ft. of air. 



FIG. 38. 


33. One tap pours water into a bath twice as fast as another 
•tap ; it takes 108 gallons to till the bath ; this is done, by both 
taps together, in 6 minute.‘>. 

34. The sum of the angles of a certain polygon is 14 right -angles. 
[If a polygon has n side^, the sum of its angles is {2n ~4) right- 
angles.] , 

— > 4 m.p.fL 

j mfjes I 

* 3m.p,h.^^ ^ 

Fig. 3G. 

35. Apman^alks at 4 miles an hour from \ns house to a station, 
see Fig.^SId^and returns home at 3 miles an hour ; the two journeys 
togetl^]^p|t^e 3^ hours. 
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36., The boundary of tlie shaded area in Fig. 40, formed by 
cutting a quadrant away ffrom a square is *6 inches. ^ [Take the^ 
length of the circumference of a circle of radius r * 

inches as inches.] 

37. The shad^ area in Fig. 40 (see No. 36) is loj ^ 

sq. inches. [Take the area of a circle of radius r L« 1 

22r^ 

inches as sq. inches.]# • Fto.«>40. 

• i 

Give statements about numbers which correspond to the equa 
tions in Nos. 38-45. ' • * 


38. n + 6=33. 

40. n + 6n = 42. 


39. n-7 = 19. 

41. n+^=20. 
4 


42. 20 -n = 9. 43- n + 18=3n. 

44. n-f(n-i-l)-i-(n+2)=27. 45. 2n® - 3n = 1000. 

Solving Equations • 

Example 3. What is n, if^n -f 6 = 19 ? 

I think of a number ; then add 6 ; the result is 19. 

By adding 6, 1 obtain 19 ; the number = 19-6 = 13.^ 

n = 13. ^ 

Check: n -f- 6 = 13 -f 6 = 19, 

Example 4. What is a:, if 7a; = 63 ? • 

I think of^a number ; then multiply it by 7 ; the resu]^ is 63^ 
By multiplying by 7, 1 olftain 63 ; the number = y = 9. 

• • 3C = 9. 

Check : 7a; = 7 x 9 = 63. 


EXERCISE III. c 

Express each equation as a “ think of a number ” problem 
then find the answer an3 check it. 


1. n-i-8:-17. 

4. 1=9. 

7. N =0. 


10. z+2s=;18. 


• 2. n-5 = ll 

5. a: + 1 1 =2. 

8. 8x=(^ 

,• * 

11. 3»-2=:10. 

. 

1A • 

14. — j- =6. 


3. 3y=21. 

6. n-2i=5! 


a w_» 

9. g_7. 


12. §+4=9. 

16. ^+2*=i.* 
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Qencral Me^ods for soivbig'dftmpl* figiuttoin 

f 9 

Example 5. Solv« n • 17 -46. 

Since the numbers n - 17 and 46 are equal, if we add 17 to oach 
of the results will be equal. 

n- 17 + 17 =46 + 17; 

A n=63. 

Example 6. Solve a? + 17 =46. 

Since the nuriibers a: + 17 and 46 are equal, if we euhCroof 11 from 
each the results will be equal. 

/. a; + 17 -17 =46 -17; 


Example 7. Solve 7t/ = 91. 

Since the numbers ly and 91 are equal, if we divide each number 
by 7, the results will be equal. 

/. 7y^7=9i+7. 

/. y = l3. 

Exanli»le '3. Solve | = 14. 

Since the numbers | and 14 are equal, if we multijdy each 
number by 3, the results will be equal. 

^ /. gx3 = 14)^8; 

2=42. ^ 

The solution of every simple equation is performed by applyina 
one or more of these four arguments. 




2x 

Example 9. Solve 3.c - 12 =-^- + 16. 

2x 

Add cl2 to each aide, /. 3a%- 12 + 12 =-s- + 16 + 12 ; 

r O 


3x=^ + 26. 


2x , 


Subtract from each side, 

♦ * A ‘S* 

c A 3*--*-=28. 


• t 

2x 2x ^ 2x 
3x-^ = j+28-^f 
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Multiply each side by SC /. 3ay x 8 - x 8 =28 x 3 ; 

' <» • , 
/. 9aj - 2a: = 84 ; 

/. 7x = 84. ^ 

Divide each ’§ide by 7, a; = 12. 

Check : Left side = 3a: - 12 = 3 x 12 - 12 = 36 - 12 =24. • 

Right side .-^’+ 16 + 16 = 8 + 16 =24. 

/. when a: = 12, left side = right* side. * 

The four, arguments us^ in solving simple equations may be 
summarised €is follows : 


(i) Equal number 8 may he added to each aide. 

(ii) Equal numbers may be subtracted from each side, 

(iii) Ecu:h side may be multiplied by equal nundters, • 

(iv) Each side may be divided by equal numbers. 

From (i), if x -0=6, then a: =6 +a. 

From (ii), if a; + a = 6, then x =6 - a. 

This shows that any term may be moved from either sjde of an 
equation to the other side if the sign in front of it is changed. 

It is sometimes convenient to reverse the order of an equation. 
Thus, if 3 =a:, we can at once say a: = 3, without using any of the 
arguments j[i)-(iv) above. 

£zany)le 10. ^ Solve ” = | • t 

Multiply each side by 3a:, - x 3a:=| x2x; 

a: o 


Divide each side by 2, 


15= 2a:; /. 2x = 15. 


When solving an equation 

Start by writing down the equation exactly as it stands in the 
book : do not try toe^imfilify it in your head. 

Be carei^il not to confuse the symbols = and /. • 


= means ** is equal to 


Thus ^jre say : 


3x = 16* 


means “ therefore.^’ 


n.8.A. 


9 . . 


a: = 5. 
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Wl\sn cbecking an Equation 

9 

Substitute for “ the unknown ” in each side separcUely, as in 
Example 9. 

Substitute in the equation as it is given, not in any simplified 
form of it. The object of checking is to make sure that your 
answer is right. You cannot be certain that it is, unless you 
substitute in the actual equation given you. 

EXERCISE III. d . 

Solve 'the equations in Nos. 1-10, es^plaining each ^tep in the 
argument as in Examples 9, 10 above : and check each answer. 


1. 

(i) 3n=21 ; 

(ii) 8x = 64 ; 


(iii) HR = 12; 

(iv) 0-3/n = l*2. 

2. 

(i) a-4 = 7: 

(ii) p-1^0; 


(iii) s-2i=6J; 

(iv) tt; - 3-2 = 1*9. 

3. 

(i) 1 + 6 = 12; 

(u).x + 2i=7 ; 


(iii) «+f = l; 

(iv) f-f7'4 = 9. 

4. 

CO 

11 

•-4 

(ii) 1=1 i 


(iii) 9=?; 

II 

•0^ 

5. 


(ii) ?^ = 12; 


(ill) -3- = 10; 

. . 3a; 

(IV) 5-= 1 . . 

6. 

(i) 3 =n - 2 ; f 

(ii) 7 =p +5 ; 


(iii) 4J=« + 1J; 

(iv) 6-2 = 3-8+fc. 

7. 

(i) 32/-4=.S; 

(ii) 4R+3 = 13; 


(iii) 5N+2 = 17; 

(iv) 73-3=25. 


(i) 61/ -15=0; 

(ii) 5«/+!j=7ij 


(iii) 71-3=9; , 

^ (iy) 9^-1- 8 =20. 

9. 

(i) 0-3i=e ; 

(ii) 2-5< = 11 ; 

10. 

(iii) l'6s = 12; 

(i) ^^ = 1 ; 

\'iv) 0*p^=0. 

4o 

(U) y=g.; 


,Lf 3t ‘ « 

(m) «« =0; 
t 0 

6«) 
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Soh^e the following equaibionB and check each answer. 


11 . 2p-8=p-3. 

•12.*2; + 4 = 19-/. 

i3. « + 7=J7-4<. 

14. 3(»-7) = 12. 

15. A(2k + l)=20, 

16. 7(3j/-l)=28. 

17. 4(t-6)=0. 

• 

18. i-ii = e. 

19. m+^ = 24. 

5 

20. 5 = 3R. 

21. 0=2«~7. 

22 . 10 y=y. * 

23. :r-y =10. 

2 3". 


26.?-|.0. 

* 27. i(3x-l)=7. 

• 

28. 3 = i(«a:-(^). 

29. 3«=6-7. 

30. Jfc = l-7. 

31. 2-4j/=6.* 

32. 

X 5 

33.^=?. 

4 z 

34 “ ~ “ 

35. -3 - 2-1- 

36. = 

37. ^^r®=3.. 

38. y+2 = 11. 

39. 

*> 4 

40. 2-7 =Jm. 

/ + 1 t4-3 

41. = 

An J/-l_ 2 )/ + l 
42. - 7 . 

2R+i #-R 
■ 5 = 3 • 

44 ^ *_1 

5 2"2' 

45. l + ^=a-h 6 . 

z''^3z~12’ 

47. R -0^R = 12. 

48 - 

49. |H-li=*lV 


• * * 

[Kote. For additional drill-examples, see Exercise E.P, 3, p. 1 35.] 

General Procedure in the Solution of ProlSiems 

1 . Bead the question carefully. Do not staij. to try to work i^ 

out before you are sure that you imderstand what you are given 
and what you are osk^U to find out. ^ 

2 . Take a letter to stand foj some un|piown number -^ich the 

problem jnvolves. • 

If the problem involves quan^jities, stale clearly what the unit is, 
• Never say, let the^loflgth be a; ; a clear statement ^ould be, let 
the length of the roojpn be x feet. 

Never say, let x be the cost ef eggs ; a clear stalemaiSb would 
be, suppose one dozen eggs cost x pence. * * 
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3. Check the anatcer by using the actual data gf the problem, 

^ It is not suificient to check by sul:>stittitmg in the equation, 
because your equation may be wrong. 

Example 11. Share 10 shillings between two boys, A and B, so 
that A receives Is. 6d. more than B. t 

Suppose that B’s share is b shillings. 

Now A receiv^es IJ shillings more tha'ki B. 

A’s share is (6 + 1 J) shillings. 

But the total sum shared out 48 10 shilling ; 

f) ‘ 

(6 + IJ) shillings + b shillings = 10 shillings ; 

(6 + li)+6=:10; 

26 + li = 10; 26 = 10-H = 8i; 

/. B’s share -4|s. =4s. 3d. 

A’s share— '4s. 3d. + Is. 6d. —5s. 9d. 

Check : The total sum shared out ^uals 4s. 3d. 4-58. 9d. =: 10s. 

EXERCISE III. e 

Soh’^e the following problems by Algebra, and check each 
answer. 

1 . I think of a niunber, divide it by 4 and add 1 1 ; the result is 
17. Wliat is the number ? 

2. I think of a number, add to ’t one- third of itself ; the 
result is 28. Wliat is the number ? 

3. The result of adding 42 to a certain number is the .same as 
multiplying that nurnber by 4. What is the number ? 

4. If I halve a certain niunber and add 1, the result the 
same as dividing the numbei by 3 and adding 4. Wliat is tlie 

•number ? i 

5. The sum of two consecutive numbers is 55. What are 

tlxey ? ' 

6. What number e^^ceeds 17 by the same amount as it falls 
short of 55 ? ^ 

7. The sum of three consecutive even numbers is ^2 ; what 

are they ? , © 

8. From three-quarters of a certain number, 3 is subtracted ; 
the result is two-thirds of that number. What is the number ? 

9. PMunk of a number, add 2 to it, multiply the sum by ^ and 
then suj^tract 7 ; the result is 23. \VImt is the numbe;^ V 
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10/ I think oia numb^^ double add«12« then divide b^ 2. 
I now subtract the ifdmber I first thought of ; the fresult is 6« 
Can you find the original number 7 

11. In Fig. 41, find AP if AP is 3 inches longer than PB. 

^ fl/„. ». 

A ^ P B O • 

. 7ra. 41. . 

12. In Fig. 41, find AP*if AP is twice the length of PB, 

13. In Fig. 41, find AQ if AQ is^^ times as loj^g as BQ. 

14. Jn Fig. 42, find Z.AOC if Z-BCX5 =6iL AOC. 



A OB 


riG. 4 ± 


15. In Fig. 42, find Z. AOC if Z.BOC exceeds twice Z.AOC by 90°. 

16. With the data of Fig. 43, find a;. • 

17. An excursion ticket ^is one -quarter of the ordinary fare, 
r save 6s. 6d. by taking an excursion ticket. What is the ordinary 
faro ? 



18. The flagstaff PQ in Fig. 44 is one-fifth of the height AB of a 
tower ; Q is 90 feet ab^ve the ground. Whatsis the height AB ? ® 

19. In Fig. 45, find ^B if 21 B = Z.C =4il A. 



Vis. 4ft. 
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21. The sum of til)€wangles of an n-sidjpd polygon is (2n - 4> right 
.angles. How many sides has a polygoA if its angle-sum is 
20 right angles ? 

32. I buy a house, and have to spend one- | 

third as m\ich on repairs. The total cost is 
£3000, What did the house cost ? , ' 

23. rig. 47 represents a hurdle whose width 47 

is 1^ times its height. It is made of metal 

' strips, whose total length is 36 foot. How high is the hurdle ? 

24. Fig. 48 represents a skeletpn wire cage ; AB is twice as long 

as BC apd as CD. The total length of wirS* is SJ ft. What are 
the lengths of AB and BC ? ' ® • 


% 



N 



25. The wind backs from direction AO to direction BO, see 
Fig. 49 9 if the change of direction is 100°, find its first direction. 

•’ c 

[Note. For addttional examples, see Appendix, Ex S. 4, p. 283.] 


TEST PAPERS. A, i-8 


A. 1 

* 1. Write more Portly : • 

(i) 2a X 4 ; (ii) 36 x 36c ; (iii) ^ x 4. 

• ^ 

2. Ji y — Zx - 1, find fi) the valife oi y ii x=^ ; 

(ii) the value of a; if y = 14. 


3. Solve 4he equations, (i) « 

(ii)7:-i(2W + 3).’ 

4. ^py i^ now k years old ancj his father is 4/c years old. How 

old will tlie father be when the boy is 2ifc years old ? • 

Whatis k if the boy was 1 year old when his father was 26 ? 
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6. Fig. 60 represents a#rectangle. Find the numerical value 
of (i) its perimeter, (ii^ its 'area, , 

/J/W. 





, (S^‘7)in. 

• Fiq. 60. 

A. 2 

1. Simplify : « • 

. (i) n-jn; (ii) 6y + y~-2y. 

2. (i) If y=2x^ - 3a; and if it? ==4, find y, ^ 

(ii) Subtract 9r inches from 2r feet. Answer in yards. 

3. (i) A clock loses n minutes per week ; express this loss in 
seconds per hour. 

(ii) If a clock loses t seconds an 
hour, it loses T minutes a week, 
express t in terms of T. • 

4. Solve the equations : 

(Of-o, 

(hi) p+4:^q-l ~20. fTg. 51. 

5. With Uie data of Fig, 51, find x ii x = \\y. » 

A, 3, 

1 . Wftte more shortly : 

‘ c • 

(i) 36x3a5; (ii) gx6c; (iii)b4p-ri. , 

2. A tram fare is 3d. ; what is the cost of n journeys, (i) in 

pence, (ii) in shillings ?• ^ > 

3. (i) Simplify 2a (3^ -56) + 56 (2a - 36). 

(ii) What is the value of x if + 2y^ =xy^ + 2y when ?/ ^3 t 

4. Fig. 62 represents two plople leavlhg A and B at 10 a.m. 

• u m p.h. V m.p.h. 

• , •.Jl , ♦ 

o A B 

* Fiq. 62. ^ , 

Hov» far apart are they at (i) if a.m., (ii) 10.30 a.m. ?» * 

What «an you say about w, v if they meet at 1 1.16 a.ii». ? 
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5. Find two ooiusecutive numbers siKsh that one-quarter of the 
^smaller exQpeds one>mth of the larger 6y 4.*' 

A. 4 

ty 

1. If j9 = L g =2, r =3, =4, find the values of : 

c (i)p+g(r+«); (ii) (p +g)r +a. 

2. The square of a?+- is a:* + ~ + 2. Show that this is true 

X X“ 

(i) when x = l, (ii) when a; =3. ^ 

3. Solve the equations : 

(i) 1=1; (ii) 4-z = l-8; (iii) 17 -a; =2(2 +^). 

4. The circumference of the wheel of a car is p feet ; how many 
revolutions per minute does the wheel make when the car is 
travelling v yards per second ? 

5. A has £100, B has £50 : but after B has paid A what he owes 
him, A has three times as much as B. What was the debt ? 

A, 5 


1. (i) Simplify 7c - 2c + 3c. 

(ii) If p =2g and g =5(9, find the value of pq when « = J. 

2. Express in florins the difference between £x and 3.r half- 
crowns. 

3. Solve the equations : 

|(r + 5)=9- 


Sx-7 


If 4(x +o) =5(a; -a) +4, fina a when x = 2. 

4. A hotel bill fbr n days is 16n shillings if n<4, and is 12(n -f 1) 
shillings if n > 4. Wh'at is the bill for 
3 days and for 5 days ? What would 
you expect the .bill to be for 4 
days 7 

5. Fig. 53 shows the lengths of the 
sides of a rectangle in inches. 

What* are their numerical value% ? 







1. If p =%, g = i» find the values of • 

(i) 2pq; (ii) p^+q*; (iii) 

2. I ^u]ii 6N eggs ; how many are left after 6 have been eaten ? 

What is44 if one dozen are left ? • 
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3. Solve the eqtiatioxis* «(i) 2=: 3(10 -2); ^ 

• *(ii) 2‘7a;-3-4 = l*0aJ + 14. • 

4. Find in terms of x the third angle of the triangle in Fig. 54« 

Show that the triangle is isosceles if a; = 10 or 34 or 40. ^ 



. ^ Fia» 54. 

5. Find t if Centigrade is the some temperature as 2f® 
!Fahrenheit. (Use the fact stated in Ex. li. c. No. 14, p* 23.) 


A. 7 


1. Jf 6 — 3, c =0, d = 5, find the values of 


(i) (ii) 6c -c; (iii) {b + l)(d-l). 

2. Simplify (i) i + 3< + ^; (ii) 3kx2k; (iii) 9p~-15. 

3, Solve the equations : 


... 5 2 

'3~w 


(ii) 


.r - 1 _ 3a) 4- 1 




Prove that R* + 8r* = 6Rr if R = 6 and r = 3. ^ 

4. On a holiday, a man walks a certain distance the first day, 
and half a4k far again the second day. He walked a miles the 
second day ; how far did he walk the first day ? • 


5. A pyramid stands on an n-^ded base. How many more 
edges than comers has it got ? • 

What is n if the sum of the number of* edges and number of 
comers is 25 ? 


A. 8 


¥ 


1. (i) Add 3N to 5rf and divide the result by 6. 

(ii) MuHiply 2p by 6p, • 

2. (i) J[f W =6w, simplify . * 

^ (ii) How many staAps can be bought ffor P half- 
crowns ? ^ • 


3. Solve the equatfbns : 




A.O# _ O.K . 


« t 


^ 4 : 
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4. A closed tin bo^t^is 3c in. long, 2c in. broad, c in. high. What 
, is the sum of the lengths of its edges (i ) in inches (ii) in feet ? What 

is the total surface area in sq. inches ? 

5, 0 is the centre of the circle in Fig. 66 ; the arcs AQB and APB 
ar6 of lengths (x - 2) inches and (4a; + 2) inches. Find the numeri- 
cal value of the length of the circumference of the circle. 



CHAPTER IV 


ELEMENTARY PROCESSES * 

• Like Terms • 

A.N expression of the form 6a - 3a + 4a is said to consist of like * 
terms, because it can be reduced to a single termf ^ 

Jusl? as 6 dozen dozen = (5 -3) dozen =2 dozen, , 

and 6 doz^ - 3 dozen + 4 dozen = 2 dozen + 4 dozen 

= 6 dozen, • 

so 5a - 3a = (5 - 3)a =2a, 

and 5a - 3a + 4a =2a +4a = (2 +4)a =6a. 

When simplifying, work from the left unless brackets or x and 
signs show that operations must bo performed in a different 
order. 



• EXERCISE IV. a 

Simplify the following expressioJIs : , ’ 

1. .3a + 7a -5a. 2. 26-P96-6-38. 3. pc + 7c-5c+c. 

4. 6d-3d-2(i. 2e-^. 

7. Ik'+S!,. 8. ^+|. 9. *+*. 

19. 11* 2m4-mx3. 12. 2n»6-n. 

D 


.43 
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13. 

- 3 X 2jo. t 

14. 3 x3gr-fgf. ' 

IS. 

2r X 3 - 3r X 2. 

16. 

6.9/ -35< -2^/. 

17. 6v®-2t?* + 3v*. 

18. 

Zxy-xy. 

19. 

1/ 

4yz -f 4^y. 

20. 62*-2z8-42». 

21. 

2a , a 

22. 

96 6 

12 4 • 


24. 


25. 

10e/-7/e-tc/. 

26. iff* +9* 

2ff‘ 

"X 

. 

27. 

/l-fft-f/lH 6'f/l"f/lf4"/i-+ }lt 



GO 

Z -f i -f Z -f / -f ... fifteen terms. 



29. 

3m + 3m + 3m 4- . 

... ten terms. * 



30. 

-f 2p2 4- 2p* + 

... eight terms. 




[Note. For additional dr ill‘e.TampleSy see Exercise E,P, 4,p. 136.] 
Unlike Terms 

Example 3. A tourist walked at v miles an hour for 4 hours on 
the first day and at v miles an hour tor t hours on the second day. 
How far did he walk in the two days ? 

On the first day, he walked 4v miles. 

On the second day, he walked tv miles, 
the total distance is (4v+tv) miles. 

In thi.s ans^ er, iv and tv are unlike terms ; we cannot simplify 
tlie expression unless the numerical value of t is given. 

Wo car of course say that the tourist walked in the two days 
for (4 -f f) hours at v miles an hour, and therefore the total distance 
is (4 ■¥t)v miles or v(4 + miles. Here, we say' that 4 and t are 
unlike terms, because 4 + < cannot bo written more simply unless 
the value ot t is known. 

The expressions 4u (4 -f and r(4 +<) are equal, and each 
^ involves the sum of two unlike terms. 

^•xample 4. Find the short-hand form of 
2 -fa -f 8*» - 2a - 3fe. 

In this expression, 3a 4 a - 2a are like terms, also C6 - 36 are 
like terms. , 

L ‘ • 

/. the expression = 3a -f a - 2a -f 86 - 36 + 2 
^ = 2a -f 5b -f 2. 

There ic no slater .way of writing this expresaiofit if a and 6 

jMAf/KM 7 i.J9i..o 
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. ^ Eil^ERCISE IV. b • 

1. What is the length of a fence formed by 10 hurdles each* 
r feet long and 12 hurdles each a feet long ? 

2. What is the total bill for c lb. of tea at 2s. per lb. and p4b. 
of sugar at 4d. per lb. ? Answer (i) in pence, (ii) in shillings. 

3. Each rnesh in Fig. 56 is I in. long and 6 in. broad. What is 

the total length*of wire re^juired for the network* ? • 


X ^ 



FlO. 56. FIQ. 57. 


4. Fig. 57 represents a skeleton box with base x inches square 
and y inches high. What length of wire is used in making it ? 

5. A boy works for p ^ours on Sunday, q hours on each 
Wednesday and on each Saturday, and r hours on each other day. 
How many hours does he work each week ? 

6. From a rod (M +2m) inches long, a portion 21 inche* long is 
cut off ; what is the length of the remainder ? 


7. Subtract lx pence from x shillings. Answ’er in pence. 

8. Subtract k florins from Answer in shillings. 


9. Fig. 68 shows the lengths of the sides of a trianglem* inches, 
(i ) What is the perimeter ? (ii) By how much does AB + AC exceed 
BC, and ^A -f BC^axceed AC ? • 



A • B. 


5 -/’ 


D 0 

Fia. 59. 


10. Fig. 59 shows the lengths of t\fo adjacent sides of a rctjtanglo 
in inches, (i) What is the pei?meter ? ^ii) What Js the length 
of AD +D»-f-CB ? 


^11. If, in Fig. 59,-r:g3i?, find^the perimeter of thi rectangle 
in terms of^ (the units are inches). 

12. A man starts with £(x-\-y). He pays x bills gf 5 sWlings 
each and y bills of 15 shillings etfch. How many shillings lias be 
left ^ 
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13. A body A weighing (6a; + 4) lb. h put in one scale paji of a 
weighing nxachine, and a body B weighi^og 2^; lb. is put in the other 
scale pan. What weight must be added to make them balance ? 


14. The outside measurements of a box without a lid are ; 
leilgth 3 j; in., breadth 2a: in., height in. ; it is mad© of wood 
1 inch thick. What are the inside 
measurements ? Sxin, 


16 Equal holes, each x in. long, 
y in. wide are punched in the metal 
sheet, shown iq. Fig. 60. W^iat is 
the surface-area of the sheet ? 

16. A rectangular garden is re- 


a czi cz: [=3 
CZD HZ CZD 
□ ,rz] □ cm 

FlQ. 60, 


presented by the shaded area in 

Fig. 61 it is enlarged, as shown ; the units of the given dimensions 
are yards. What is (i) the final area, (ii) the increase of area ? 


'h — 



Fig 61. Fig. 6*,:. 


17. In Fig. 82, L ABC =-- (.r -F %y) degrees, L BAG = (y + 2a:) degrees 
What is /.ACD ? 

18. In Fig. 62, Z. ACD =(3p -}- 4g; degrees, Z-ABC =(2p+5) 

degrees. What is Z.BAC ? , 

Writ© down (when possible) short-hand forms for the ©xprossion& 
in Nos. 19-52. 7/ is no shorter form, say so, 

X 19. 6+C-1-6. , 20. r +€ +s -^r, 21. o -1-2 -fa. 

22. l-fm + l-hmH-/. 23. x+2+y-^S+x. 24. e+e-fe + S/. 

26. 4-I-4C. 26. Z,+2t + l, 27. z + 2 + z-hT-^l, 

* r 

28. R+r-n+r. 29. 10d-7d-2. 30. ^p-q+p- 

31. !-<+<. 32. 2a;-;2y. , 33. 66-26-3. 

i. « 

34. 3o -h 4a -f- 6a -1- 6. 35. 6p + q -2p+q.'* 36. 3r - Zs, 

SI. ^ 38. 3e-f2/-6-/. 

39. 2a X 3 -36 x2. 40. Sp +5q -q -2p» 
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FT.} 

41. r + a+t+t-9+r. , 

43. 3a+b+4c-a-o, 

45. 3a6 + Sac, 

47. 36c + 3c6. 

49. 2xy +3x -yx. 

51. a6+6cH-cf6c. • 

53. Add xy to x, 

55. Subtract yz frOln zy, 
57. IncrecLse phy ^ 

59. Add R + r to 3R. 


42. a? +21^4*2? 

.44. p + 3^ + 3 + 3(? - !• 

46. 3r^ + Ifi# - flr. 

48. pq-^p+q- 
50. 52/z + 2zy - yz- &yx. • 
52. X + 2y + \ -X ^ 
5#. Subtract 6 ^om he, 
S6. Add xy to xz, • ^ 

58. Decrease 2q by 2. 

60. Add a to 0. 

62. Add 13 X 7 to 13 x 3. 


61. Simplify 11 x 23 - 10 x 23. 

{Note. For additional drill-examples, see Exercise E.P, 4,^. 136.| 


Powers 

The short-hand form of x xx xx xx is x* and the short-hand 
form of 7 xarxajxicxicis 7x*. 

The numerical factor 7 in the term 7a:* is called the coefficient 
of the term 7x* or more shortly the coefficient of x*.* 

The term 7a:* is said to be of degree 4 in x or of the 4th degree in 
X. The symbol x* is read tis “ x to the power 4 ” and the 4 is 
called th^ index gi x. • 

Thus, in the expression 2x® -f 4x® -i-x* + 3, th# term of degree 
3 is 4x^ and its coefficient is 4, the coeffieiefit of x® i5 1, and the 
coefHcient of x is 0, since this term is missing. The numerical 
term 3 is called the coifttant term or the term independent of x, ^ 
because its value does n#t depend on the value of x. since it does 

not contain x. • * * 

• • 

£xampl% 5. A shed A, 3x ft. long, 2x ft. wide, *is built in a 
rectangular courtyard, leading a |lassage 5 ft. wide alc«jg one side 
antt 3 ft. wide along other. What was the original area of 
the courtyard ? ^ ' 

The courtyard can be divided into four rectangles A, B,*C, O, 
as shdwn in Fig. 63. 



I 

48 * A ifEW At^GEBRA ' [cm. 

The area of A is 2x x 3a? sq. ft. =2^x 3 xa? xa? sq. ft. =6x* $q. ft. 

, The area of B is 5 x 2a? sq. ft. = 10a? sq. ftf. 

The area of C is 3 x 3a? sq. ft. =9a? sq* ft. 

The area of D is 3 x 5 sq. ft. = 15 sq. ft. 

the total area is (6a?* + 10a? + 9a? + 16) sq. ft. 



Fia, C3. 


Now lOx and 9a? are like terms ; 10a? + 9a? = 19a:. 

/. the total area is {6x* + 19x + 15) sq. ft. 

Note, This expression cannot be written more shortly, unless 
we know the value of a?, because 6a?* and 19a? are not like terms. 

6a;* means 6 x a? x a; or 6a? x a;. 

19.r means 19 x a?. 

Just as 7a? 4* 3a; -(7 +3)a;, so 

6.x* + 19a? = 6a? xx 4- 19 xx = (6a? + 19) xx, 
but this is nc shorter, and still contains two unlike terms^ viz. 
6x and 19. 

Expressions should always be written in an orderly way. They 
are usually arranged either in descending powers of the ^uiknown, 
i.e. beginning with the highest power, then the next highest, emd 
so on, or in ascending powers, i.e, beginning with the constant 
term, then the term of first degree, then the term of second degree, 
*and so on. » 

Thus 2x* + 4x* + X* 4 3 is arranged in descending powers of x. 

And 3 + X* 4- 4x® f 2x* is arr mged in ascending powers of x. 

• 

Example 6« Simplify 2y* 4- 3y + 2 - 2/® + 2?/ + 1 and arrange it 
in (i) descending powers of y, (ij) eiscending powers of y. 

Take th6 like terms together. * ^ 

2i/*-2/*=3/*; 3y + 2y-5y; 2 4-1=3^ 

Sjs the expression =y* 4- 6f 4- descending powers 
s= 3 4- 5y 4- y®, ascending powers^ 
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• ■ , EXERCISE IV. c . 

Find the area nf the figures in Nos. 1-9, all the comers beingt' 
right-angled, the units of the given dimensions being inches. 
Express the answers without brackets. • 



Simplify, where possible, the following expressions, and arrange 
them in dovscending powers : 

10. 8a»-4a2. • 11. 

12. 2c* + 6c - 3c - 3. . l5. p* +..2p» - 3p. 

14. t*-;^l+f-l. 16. l+r + 2r*-r. 

16. 5s* + 8« - 4s* - 8. '.I?. ** + 2a; + 6 + 3*. 

•18. j/*+y*+y + l-f|ffi/*. 19. 5+6a + 3a*-6*. ■" 

20. 3 + 6fc* - 2fc - I i jfc*. 21. 3e* + e«. 

22. 76* -36 -6*. 23. 3+<*+3«*. 

24! 3a;*.- 6a: + 7 -a:* + 1. 25. 6 + 6y* -6j/* -Sy.” 
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26. 3a>- 3. , 27. 5*+46*-6*-4. 

‘ 28. 2c»-‘i<!+3c*+c. 29. + 

3j}. Arrange in ascending powers : 

(i) 8p+3+p»-jj; (ii) ^- + 4-^+Bc. 

31. Write down (i) the coefficient of (ii) the\jonstant term* 
fiii) the term of degree 3 in 

(a) 4 + 2a;® + 3a;* ; (b) je* +a;® ; 

** (c) 2a;* - a; + 5 ; (d) 3»* + 2a;* + lx »' 4. 

32. Write down (i) the term of highest, degree, (ii) the coefficient 
of p, (iii) the constant term in 

\a) 127 )» + 2p‘ + 7p+2J ; (b) js + lOOp* +3p» ; 

(c) 12j»*+2^>‘ + 5; (rf) ip*-8p^. 

33. Write (i) in ascending powers, (ii) in descending powers 

(a) 42/* + 3 - 22/® ; (6) lOf® + «* + ; 

^ (c) fi* + 1 + 208 ; (d) 32 + 2 ® - 22 + 3 + 52®, 


Multiplication and Division 
Example 7. Multiply a;® by a;*. 

a;* =a; x a; and a;* =a; x a; x a; ; 

/. a;® xa;® =a; xa; xa? xa; xa; =x*. 
Example 8. Multiply 3a; by ^y. 

' t3a;x4y = 3x4xa;x2/ = 12 xw; x 2 / = 12xy. 


Example 9. Multiply 12a;® by ^xy, • 

12af^ = 12 X a;® and %xy = f x a; x i/. 

/. 12a;^ X \xy = 12 xa;®xf xa;x 2/ = 12 xf xa;*xa? xy 

^ =8**y- 

Example 10. Divide a® by a®. ^ 

« axaxaxoxoxo 

, a*-r(r= * =oxaxaxc 

A a xa t 


Example 11. Divide 12a®6c by *5a®6. • ^ ^ 

10 9 Z. .A 2 Z. 12xaxaxax6xc*4 

12a®6c -f9a®6 = = o><axo 

9xaxaxo * 3 


c 
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Example 12. What is square of 7 , 

(a*)® =o* xa* = a®. 

Example 13. Find a value of 

X X* =r* ; the square of x* is x* ; • 

one value of ,Jx^ is x*. < 

We shall setf later that every number has t^fo square roots. 


EXERCISE IV. d 


Simplify the expressions, Nos. 

M2, 

giving the 

> reaSons^ full : 

1. 

a* X a*. 

2. 5 X b^. 

3. 

c® -f-c2. 

4. d^^d, 

• 

5. 

P* XjtJ*. 

6. 

7. 

(X®)2. 

8. 

9. 

5.r X 2y. ] 

10. 3x2 x2x. 

11. 

4(2r)». 

12. 3a»x3a». 

Simplify the following : 



* 

13. 

a* xa*. 

14. 6« X h^. 

15. 

C®-rC*. 

16. dS-T-d®. 

17. 

r X r®. 

18. 

19. 


20. x®~x2. 

21. 

4x2 5^ 2x. 

22. %y‘—2y. 

.23. 

2* X 32. 

24. 2a& X a. 

25. 

10a*-:-2a2. 

26. 35x36’. 

27. 

4c ~c. 

28. 24x4«®. 

29. 


JO. 6 x|. 

4 

31. 

a* a* 

2 

... 2a 3a 

32. yx-g-. 

33. 


34. 10p’-f2p’. 

35. 

8r2~6. 

*36. 12x2/2 -r3y. 

37. 

ab X VC, 

38. 26 xkc. 

39. 

2c2d -f-cd. 

40. d:W®-i-2. 

41. 

(3d»)». ^ 

42. (r«*)’. 

#3. 

3pg X 2pr. 

44. 2r*a-i-3a. 

45. 

2^® X 3f*. 

46. 

47. 

6R»-^iR, 

48. s/2«. 

49. 

46®c “J6c. 

50. 3r5 X 2r8t. 

t 51. 

X* xJ2yz, 

52. 

6a*6»c»-r2a6c. 53. 6c*d*- 

r4c». 

54. 

(4e»/)*. 

55. 

(Jra2)». 

56. (4pq^r)^. 

57. 

(3r*a*^®)*. • 

58. 

(.T»)®-J-X». 

59. (2a:)*+(ar)» 60. 

(62/)*-(22/)». 

61. 

a* X a* 

62.^^^* 


63. 

6cd X 2cd* • 

a® 



• 

lOc ‘ • 

64. 

ah^ ac 
be 

65. 2r5x(3r)2. 

• 

66. 

V(*16«“). 

67. 

^cH X \cde. 

•. «8. (3a)’ - 

■2(2a; 

1®. 69. 

(2i)gJ‘-rpj*. 

70. 

r* 

-2 + 3r». 
r2 

71. «* xt*. 

• 

i-t'. 

72. 

2n* X 6n/i? -f 3n, 

• • 


\N ote,,jF or oMitwnal drill-examples i see Exercise E.P, 5,p, 137.] 
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f H.C.F. and L.O.M. ^ 

Factors and Multiples. Since lOab^c^SaJb ^2bc, we say that 
2bc is a. factor of 10a6*c and that 10a6®c is a multiple of 26c, 

Common Factors. Consider the two expressions, 10a6®c, 12a®6*. 

10a6Jc = 2 x6xox6x6xc; 12a®6*=2 x2x3>^axax6x6. 

There are several different expressions which ^ are factors of 
both these expressions, t.c. common factors of 10a6*c, 12a®6*. 

, 2, ‘a, 6, 6*, 2a, 26, 26*, o6, a6*, 2a6, 2a6*. 

* r * 

But dach of these is a factor of the^laat one, 2ab*., 

We t^ierefore call 2ab* the Highest Common Factor or the 
H.C.F. of 10a6*c, 12a*6*. 

This method for finding the H .C.F. is the same as the method 
used in Arithmetic (prime factors). 

Common Multiples. Consider the two expressions, 10a6*c, 
12a*6*. 

10a6*c X 12o*6* = 120a*6*c ; 120a®6*c is a common multiple 

of 10a6®c, 12a*6*. There are of course an unlimited number of 
common multiples, e.g, 240a*6*c*d is a common multiple. 

Since 10a6*c = 2 . 6 . o . 6® . c and 12a®6* =2* . 3 . a* . 6®, the 
smallest common multiple is 2* . 3 . 5 . a* . 6* . c =60a®b*c. 

Every other common multiple is itself a multiple of 60a®6V. 

We tlierefore call 60a*b*c the Loasto Common Multiple or tlie 
L.C.M. of 10a6*c, 12a*6*. 

This method fof finding the L.C’.M. is the same as the method 
used in Arithmetic (prime factors). 


EXERCISE IV. e 

1. Is 12 a multiple of (i) 4, (ii) 48 ? , 

^ Is 6a6 a multiple of (i) 2a, (ii) 6a*6* ? 

2. Js‘ 18 a multiple of (i) 180, (v) 6 ? 

Is a* a multiple of (i) a®, (ii) 2a® ? ^ 

3. Is 24 a factor of (i) 12, (ii) A8 ? 

Is 6a:y a factor of (i) 3a:, (ii) 18a:y* . 

4 . Is 24 a common multiple of (i) 2 and 3, (ii) 48 cmd 240 7 
Ip 6a;®y a common multiple of (i) 3a:, 2U;y, (ii) 6a;*2/*, 12a:®y* f 

‘ 5. Ib a common factor of (i) Z and 4, (ii) 24 and 36 ? 

Is 6a6 a common factor of (i) 2a, 36, (ii) 12a*6, 18 t6* T 
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6! Is \(ix*y* a multiple of Sx*y ? Simplify t 

7. Is 36*c a factor of 66c* ? 

8. Is 2y^z a common factor of and 7 ^ 

9. Is 12a;*3/* a common multiple of any of the foHowing pairs : 
(i) 3-c*y, 4ayy^ ; '(ii) 12a:*, y * ; (iii) 10a;, 4y ; (iv) 3x*, y* 7 ^ 

10. Which (^f the pairs in No. 9 have a cominon factor, other 
than unity, and what is ft 7 * 

Find the following : ^ ^ 

11..L.C.M. of 3a;ifc2a;^. . 12. H.C.F. of 3a», 2a6»* 

13. H.C.?. of 10a*, Iba^b. 14. L.C.M. of 4xy,*0y*.* 

15. L.C.M. of 4r*fi, 6r5*. 16. H.C.F. of 2pq, pqr\. 

17. L.C.M. of a, 6ca». 18. H.C.F. of 2a6, 3c. 

19. L.C.M. of 3a*6*, 2a*6». 20. H.C.F. of 2a*. 6a6, 4ac. 

21. L.C.M. of 6x*, 3x1/, 6y*. 22. L.C.M. of lOx*, 16x». 

23. H.C.F. and L.C.M. of 24, 3x, 3xy, 6x2. , 

24. H.C.F. and L.C.M. oj 12a»6, 9a6c, 16o*6*, 24a6»x. 

[Note, For additional drill-examples, see Exercise E,P, 6, p, 138.) 


Fractions 


Expressions involying Fractions 

Example 14. (i) On a farm of 480 acres, there are 190 acres of 

arable land and the rest is pasture. What fraction of the farm- 
land is pasture 7 • 

(ii) On a farm of n acrSs, there are p acres of arabfe land and 
tiie rest is pasture. What fraction of the farm-land is pasture 7 
(i) Out of 480 ac., there are 390 ac. of araMe land; 


there are (480 - 190) ac. =290 ad. pasture^ 

290 29 

.*. the fraction of the farm under grass is -77^ = ^ . 

* 480 48 

(ii) Out of n ac., there are p ac. of arable land ; 


thSre axe (n -p) ac. pasture ; 
the fraction of thg fann uncjer grass is — 5*. 


• EXERCISE IV. f 

• 1. What fractioi^ is (i) 4 pence of 6 pence, (iit c pence of 

n lienee, (iii) p pence of s shillings, (iv) r shillings of 7 

2. Express (i) 8 ihches in feet, (ii) I inches in feet, (hi) inches 
in yards, (iv) k yards in feet, (f-) p feet in yards. ^ * 

3. E ipress p shillings q pence (i) in pence, (ii) in s., (iii) in £« • 
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4. (i) A school contains 400 pupil^^ of these, 240 are boys ; 

fvhat fractien of the school are girls ? * 

(ii) A school contains p pupils ; of these, 6 are boys ; what 
fraction of the school are girls ? 

(fii) In a school, there are h boys and g girls ; what fraction of 
the school are boys ? , 

5. From a sticjk I inches long, a portion p inches lon^is cut off. 

What fraction of the stick remains ? • * 


6. After the nth day of January, what fraction of January 

remain^? • * ^ 

7. A*bo 3 r*sleeps k hours a day ; what fraction of the day is he 

awake ? • 

8. After motoring 8 miles, I have gone ^th of the total 

distance. What is the total distance ? How much further have 
I to go ? 

9. After J of a chest of tea has been used, p lb. of tea remain. 
What did the chest hold originally ? 

10. The Sun risfjs at x a.m. and sets at y p.m. ; how many 
hours long is the day-light ? What fraction is this of 24 hours ? 


11. Find with the data of Fig. 73, the values of 


AB 
BC ’ 


(ii) 


BC 

AC’ 


(iii) 


AC 

AB’ 


ptn. 


gin. 


R 

Fig. 


12. How many ^Jd. stamps can be bought fcr]i) Is., ^ii) ps. T 

What fraction is l^d. of q shillings ? 

• * 

13. Taking 8 km. as equal to 5 miles, express (i) I km. in miles, 
^ii) 8 miles in km. . 

14. Sweets are sold at 6d. for 2 oz. What is the cost of n oz. T 
What amount is obtained for k shillings ? % 

15* What fraction is (i) 5 inShes of 5 feet, (ii) I inches of I feet, 
(iii) 31 inches of I feet ? • 

16. A shed I ft. long, 6 ft, wide, see 
Fig. 74, is hfiilt m the comer of & roct- • 
angular enclosure x ft. long, y ft. wide. 

What fraction of the total area does the 
shed occjjpy ? • What is the value of this 
fraction ii # 

(i) a;=2^ t/=26, (ii) x = 2l, y = 3h T 
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17., (i) If a man walks i miles an hour, how long does he take 
to walk p miles, {p + f) mHes ? * , ^ 

(ii) If a man cycles 12 miles an hour, how long does he take to 

cycle 3p miles ? Simplify • 

18. Siniplify^(i) g ; (ii) ; (iii) ^ ; (iv) 

19. Simplify (i) g + | ; (ii) (iii) ® + |. , 

20. Simplify (i) (ji) (iii) 


21. If in Fig. 73 AB is a: yards, BC is y yards, express the lengths 
of AB and BC also in feet and in inches. Then express the fraction 
AB 

in three different ways. 
dG 


22. How many parts, each J inch long, can be cut off along a 
line (i) 4 inches long, (ii) h inches long ? Simplify h 

23. How many J lb. packets can be made up from n lb, of tea T 

24. The price of coal rises from xs. per ton to jvs. j^er ton ; 
how many fewer tons can now bo bought for £p ? 

25. A tap can fill a bath in t minutes. What fraction of the 
bath is filled in (i) 3 minutes, (ii) half a minute ? 

26. One tap can fill a bath in p minutes and another •tap can 
fill it m q minutes. Wha^ fraction of the bath is filldti by both 
ta[)s toother, (ij in 1 minute, (ii) in 4 minutes ? 

27. Fine parallel lines are engraved on a l^r at intervals of 

I of an inch. There are n lines in all. ^Tiat is t*he distance 

between the first line and the last ? [Invent a numerical^ 
exam})le.J * 

28. A packet of papef 1 inch high contains n sheets. How thick 

is each sheet ? • , • 

29. A packet of pai)er \ high contains 2p, sheets. How 
thick is eiich sheet ? 

^ 30. (i) A sheet of payef is inch thick. How raany sheets 
are there a pile 3 irfches hign ? 

(ii) A sheet of paper is ^ inijji thick. How many s^it^ts are 
ther& in a pile h inches high 7 * 
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SsmpMcation of Fjrftctipiis 
Example 15. Simplify • 

i)ivide the numerator and denominator by every common 
factor. 

' 2 .a.l 

6a26» ^ t2a 

16 a 6 »“lfr a 

, ‘ 0.1.6 

Or, pro()eed«^ follows : ' 

The H.C.F. of 6a®6* and 15a6* is 3a6-. 

Divide the numerator and denominator by 3a6*. 

, 60^6® 3a6* x 2a _ 2a 

*• X 56“5b' 


EXERCISE TV. g 
Simplify the following : 

- 3a ^ 


6 . 

11 . 

16. 

21 . 

26 . 

30. 


3c* 

2a* 

^ ' 

46q 
6cd* * 

12a6’ 

4a®6 
2a*c ’ 

Spg 
I P" ■ 
4a^b^ 
2a*bc 


« 3a 
6a ■ 

„ 2bc 


, 6c 
6 ■ 

8 

2?- 


. 3d 

d- 


12 . 


8de 
6d*e * 


13. 

rs 


17. .^1 . 18. 

ba* 


22 . 


23. 


97 3;^-(.xy) 

31 

31- 26‘- 


' oTxy 
ayz * 

12a;V 

. 28. 
32. 


9. 

, 14 . 

19. 

24. 

3a6* 
66*a* * 

(3a;y)* 

Sxy^ 


2r‘ 

8t 

8t' 

xy ^ 


Zx . 


« 


Example 16. Express — in the form 


2 / 


5. 


2ab 

55H- 


10. — . 

6a< 

2«*«* 

rj. — 7-. 

St 


20 . 


25. 


29. 

33. 


i3cd 

a®6*c* 

a;*y* 

2iy ‘ 

0*6 . PC* 

. 6a * 


f- t ' o a O . «3a? 3.r X 2,y2! 6xyz 

‘ V*=-y=<23/*; = 
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Ex&mple 17. Simplify • 

The L.C.M, of 3, 4, 6 is 12. 

^ ^ lOjo Sj? ~ 3p + lOg 

3 4^ 6 12 12^ 12 12 

_l^_5p 

• • ~J2~4' 

Example 1 8. Simplify + jIj • 

The L.C.M. of 10a, 15a is 30a. * i 

7 5 _ 21 4 21+4 

10a'^16a“30o‘''30a~ 30a 
_ 6 
“30o“6a' 

Example 19. Simplify 

The L.C.M. of the denominators 6o, 45 is 12 5c. 

5 c__5x25 cx3c_ 25“ 3c* 

Qc 45 ~ 6c X 25 45 x3c’" 125c i25c 
_2b2-3c2 

~ 12bc * , 

r* 

Example ^0. Express as a single fraction “L ^ 

Sinceii = j, tMb L.C.M. of the denominators 5, 1 is 8, 

■ * 5 ~ 5 “ 8 

Note, As soon as the method is imdersto’od, the two intet^ 
mediate steps in Exar»ple 19 should not be written down. 

EXElfciSE IV. t 

Copy and complete the follo\^g. Nos. 1-14 : 

•3 * 2 

4"’12'^28”"10y* 6"'25"5c’"5** 

«8 24 64 • A ^ 6c(ic*,| 

6‘”25’“'^ d^4d“ " • « 
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^tm, 


3r__ 

4s~'8«“8«t 

7 

w m* 3Zm 


®‘ *'-3=a=5- 

a 2«* 3« <» 


9. 




10. 1=?^. 

yz 

3A» 


13. ;i2= 
Simplify the following : 


15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 
25. 
28. 
31. 

k. 

37. 

40. 

43. 


% I'^a a 2a a (kb 2a 
3^7’ 3^7’ 

36^^ 

6 7 ’ 6 7 ’ "5 7 ’ 5" 7 ' 

3,4. 3 4 14. 1 o 

8^8’ n^n’ 5 n^ 5 n’ n 
5 2 5 2 5 2 ^ £ 

9 9’ d d’ 3d~3d’ 2d“3d'. 

3 7 3 ^ 7 6 10 

4‘‘T0’ 2c ■'■5c’ 2c~'5c’ '2c~ '5c‘ 

1 + ^; 1+-; 1 + f; ■„- + !. 

7 2s 26' 

n b g CC - OCf iC , 

2 - p ; 2, - ; 1 - rt - ; n - 5- . 

5 I/ ’ 2y* 3y 


a . 1 

3V 6V 

71 ^ 

r 8 
~+ - . 
s r 

1 c 

c-2’ 

e 

)~p' 

a c 
4a6 66c * 

6 c d 
c"d‘'^6’ 

^Adi - to . 
« ?• 


23. i-j-. 

!/ 4)7 

26. -+-. 
ni p 

29. 

8 

32 A 1 
5d iOd* 

35. 

4s 6r , 

38. ^ + #-2. 

2y 2.1 

41. P+i-.i. 
qr rp pq 


14. m“=— Sc 

m* 


24. 


6 6 
2c"6c’ 


'* 2u^3v* 


30. 1- 


a6 ' 


33. 

32/ 6i/ 

36. t-ll. 

o 

39 3c ^ 2c^ 5c 

■42. ^-^^-1. 

6c ac 


44. Subtract from 


ICO- 
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45. 

’Subtract ™ fr©m 
15n 

5n * 

46. Add~\o~, 

3i? Quv • 

47. Add f to 

4:3 12s 


48. Subtract - from z, 
z 

49. 

^x60; ^x66. 


16 . , 3d . - • 

14-^’ 

51. 

^ X 2 ; 1 X 2. 

• 

52. 1-H~; 

4 2y 


53. 

q 

n X ~ . 

• r 

^54. 

. 7 • 

55. 


c* 

56. 

1 

57. 

« V 

— X — . 

58. 

yl 

2* 

X - . 


m' e' 


V u 


z 

y 

59. 

a2 

60. 

X y X 

- y.- - — . 

y z z 

61. 


1 

'7‘ 

62. 

1 . 1 

63. 

o 3n 

3m X -s . 

64. 

ab^ X ri- 

6c* ■ 4cd ’ 

m* 



65. 

2ah bbc 
15c* ^ 4a* ‘ 

66. 


67. 

a« 

6* 

X-j. 

a* 

68. 

4a* 3a6 
G6c ■ 5ac * 

69. 


70. 

ah 

c 

' C'J ‘ 


[iVofe. For additional drill-examples ^ see Exercise E.P. 7, p. 138.] 


• Miscellaneous Examples ^ 

EXERCISE IV. j ’ 

• •• * s . t 

1. How many inches are there in (i) ^ feet, (ii) yards ? 

2. How many yards are there in (i) 4JZ feet, (ii) 8n inches ? 

3. What is the length in yards of a train wliich has n coaches,^ 
f each coach is c feet long and the engine is 6;? feet long ? 

4. A clerk writes n Cotters an liour, how many minutes does 

, r ^ * 

e take to write ■= letters ? ^ 

5 • • 

5. A itig is 6 feet wide, I feet long ; what is itd area in (i) sq. ft., 

i) sq. yd. ? , • 

* 6. A m^n smokes*| ll. of tobacco a week ; hOw long does W Ibo 
£ tobacco last him ? , 

7. The length of fence for a square enclosure is ip ydJ; what 
} th6 are^ enclosed in (i) sq. yd., (ii) sq. ft. ? ^ 
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8. Fig. 75 represronts the floor of^'a What is its floor 

area in terms of X it the longer side is Zl feet T 

9. Fig. 76 represents the floor of a hall. 

Find in sq. feet its floor area in terms of p, if its 

perirnetor is p yards. ^ 

10. X,n Fig. 76, what fraction is the shortest sidfe Fw. 75. 
of the perimeter of the triangle ? 

11. In Fig. 76, the longest side is 2d inches. Find in terms of d 
the perimeter of the triangle. 

12. Tn Fig. 76, the perimeter is p feet ; fir d in terms of p, the 
longest side!. 

13. Wliat relation connects the areas of the 
three squares whose sides are those of the triangle 
in Fig. 76 ? 

14. A pencil costs pence ; how many pencils 
can I buy for half-a-crown ? 

15. I bicycle at \v miles an hour ; how far do I go in 40 

minutes ? ’ 

16. The average speed of a train is lOw miles an hour ; how 
long do^es it take to go 50 miles ? How long would It take if the 
speed was 10 miles an hour less ? 

17. Take the number N and from half of it subtract one -third 
of it. By wl:\at mxist the result bo multiplied to give N ? 

18. From a square sheet of cardboard of side Zt inches a square 
of side Q,t inches is cut away. What area remains ? ^ 

( I 

19. A train has lln compartments with 8 seats each and 2n 

compartments with 6 seats e‘ach ; how many b^ats are« there on 
the train ? » 
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20. With the data of No. 19, find the number of such trains 
required for 2000 passengers if each has a seat. 

‘ 21. Fig. 77 shows the dimensions of a brick in inches. What 

is the sum of its edges in feet ? ^ 

22. Find in terms of t the tptal area of the 
surface of the brick in Fig. 77, if =k ; the 
units of the given dimensions being inches. 

23. A handkerchief costs k pence dn^ ir 
pair of socks costs one shilling more. What is the total cost of 8 
handkerchiefs and 4 pairs of socks (i) in p'>nce, (ii) in shillings ? 

24. kt l^es X men i days to Vepair a certain road ; how long 
should it take 2x men ? 




FlO. 77. 





IV.] ’ ELEMENTARY PROCESSES 61 

25.. A tank is 4p ft. ioA, 2p ft. wide and contains water to a 
depth of 3p ft, ; whal is ^he area of the wetted surface ? 

26. How many tiles, measuring 8 in. by 6 in., are required^for 

the floor of a hall 26 ft. long, 6 ft. broad ? • 

27. A photograph I in. long, w in. wide is printed on a^heet of 
paper ki. lopg, 2w in.^wide. What area of ‘the paper ig not 
used ? 

28. A certain milestone on th^ *Winchester-Southampton road 

reads fn + 1 ) miles to Winchester, 2n miles to Southan^toui. How 
far is Winchester from Southampton ? What is n if this distance 
is 13 miles ? 3 


29. A shopkeeper would make a profit of £P by selling a table 
for £S. For what must he sell it to make a profit of (i) £(2P), 
(ii) £(iP), (iii) £R. 


30. At a shooting gallery, you pay 2d. if you miss and receive 
6d. if you hit the target. tWhat is the result if your score is 

I hits and ^ misses ? 


[Note. For additional examples^ see Appendix^ Ex., 3. 5, p. 285. 
For a revision exercise on Ch. III-IV, see Appendix, Ex. R. 2, 

p. 269.] 


TEST Papers, a. 9-15 
• •* A. 9 ’ 

1. (i) Add 606 - 3a - 26 t o 6« + 46 ~ 2a6. 


W 


(ii) For what value of W are the expressions + 1 and 

2W , , , . , 

1 equal ? » 


2. Copy and complete the followj^ig table, if 4r + 3i/ = 10 ; i» 


0 

II 

« i 

J 


i 


> 

2 


y = 

0, 


1 


3 . 


3, A car uses a gallon of petrol every 18 miles. How far can 
the oar run on k gallons ? # ' > ^ 

Tha car travels at v m.pii. ; how much petrol is usM in hall 
an hour ?» 
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4. The relation betaRrefen the thickned^ T inches and the diameter 
, D inches of a steam engine cylinder is 

T = lVO -hO OlSD. 

What is T when D = 1 6 ? 

What is the increase in T if D is now increased by 9 ? 

5. Tl^e base of a prism is an n-sided figure* What is the 
number of (i) its edges, (ii) its comers, (iii) its faces, including 
the two ends ? 

What is n if the number of edges is 2^ times the total number 
of faces ? , 

^ A^IO 

1. (if Square 2x and halve the resu|t. 

(ii^ If r = JR and if r = 9, what is the value of R - r ? 


2. (i) Find the H.C.F. of 4a6c^, Ca®6c, 8a*c®. 
(ii) Simplify 


3. Solve the equations, 

(i) 0-6Z=9; (ii) ^+’i=0; (iii) 3(a+4)+2(o-2)=20. 


4. Houses along a side road are built in pairs (semi-detached) 
with s yards between each pair ; the front width of each pair 
is I feet. What length of road, in yards, is needed for 12 houses ? 


5. A man walks in the direction E. of N. along AB, see Fig. 78, 

he turns clockrvise tlirough 0 + 6^ degrees at B and walks along 

BC, ai^ then turns anti -clockwise through 
(2x -15) degrees at C ; he is now wst^king due 
North ; find x. 

A. 11 

1. (i) Di/ide 2p by 3p ; subtract the result 
from p. 

c (ii) If tt = l5 and v = 2, find the , value 
. 11 

' FlG.7fe. 



2? (i)t A lift is licensed to darry persons, on the assumption 
that the average weight? of a persCn is less than 16 stone. What 
is regarded aS the maximum safe load in tons ? , 

(ii) How many eggs at 2 for 3f*. can I buy with k florins ? 

3. Solve\he equations, * v' 

(i)^| + l?=/i; (ii) 3(2y-l)+5(5y+2^=8(3y-l). 

4. A is # years old and B is 29 ; ,ip, how many years' time -v^ill A 

be just half as old as B ? ^ 



913] * TESTJPAPERS ’ ^ 

5. stretched len^h df a spiral spring is (2l + 2^W) inches* 
when it is carrying a*loarf of W lb. What is the nartttral (un- 
stretched) length of the spring ? What load is required to stretch 
it to twice its natural length ? 

A. 12 • * 

1. If p =3, g = 6, r = 7, find the values of • 

(i) p*!-r(pd-g); (ii) ^+r)g+r; (iii) (p (p +r). ^ 

2. (i) Add 3o - 6 + 2c to 3c - 6 “ 2a ; (ii) express the sum in terms 

of 6 if a + 1 =6=c - 1. ^ ^ 

* 3. (ij Solve the equation, J(z -*3) = J. ^ * 

(ii) When the day is t hours long, the night is hourS long. 

What is i ^ 

4. A hawser, C inches in circumference, breaks under a load of 
W tons, where W— the working load is not allowed to 
exceed one- sixth of the breaking load. What is the maximum 
working load for a hawser whose circumference is 3 inches ? 

5. Share £1.1 Os. between A, B, C so that A gets 6 shillings more 
than B, and C gets ^ of what^A and B together get. 


A. 13 ‘ 


1. Simplify, and write in ascending powers of x, ♦ 

+ 5a;* - 3a; -f 7 -i- 4a; - 4a’* - a; - 1 . 

What is (i) the coefficient of a;*, (ii) the coefficient of x, (iii) the 
constant term ? • 


2. Simplify (i) (“) 2fS x 3«’ -r 




3. A knife cost^ p pence and a fq^k costs half as much again ; 
what is tfte cost m shillings of a dozen forks ? 

4. Solve the equations, ^ 


,.,111 


(ii) n-f-y=0- 


36. 


Prove that the equation a;*(ll -a;) = 36(a; - 1) is satisfied by 
a? — 2 and by a; — 3 and by a; = 6. 


5. The length of wire required ti> make the rectangular gl'id 

t • 

* 





in Fig. 79«3 20 inches. Find the length and breadth of the grid« 
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• • 

A. 14 • ' 

1. (i) If R =3r, simplify • 

(ii) If g=|=5 , find the value of Zy(x - 1). 

2. A man stays 10 days at a hotel ; he is charg€|d 15s. a day for 
the first 2n days and 12s. 6d. a day ®for the rest of the time. 
\Vhat is his total bill (i) in shillings, (ii) in £ ? Assume n <6. 

3. (i). Add ~ to — ; (ii) Subtract 1 frofh . 

' 12r« ' ' ' 26 

4. Sqlve the equations, 

(i) i-0-3Z = 14; (ii) 5(W-l)=J(W+5). 

5. A has three times as much money as B. If A gives B four 
shillings, he will then have just twice ets much as B ; how much 
have they between them ? 

How much must B give A in order that A may have five times 
as much as B ? 

A. 15 

1. If r= 6, =0, f = 3, find the values of 

^ (i) (r+5)^; (ii) 25(r+f); (iii) (r* -f*) -(r -f)*, 

2. A rectangle is Ik inches long, Zk inches wide ; find the area 
of a square whose perimeter is the same as that of the rectangle. 
Which has the larger area, the rectangle or the square, and by 
how much ? 

3. A workman is paid 2s. an hour ordinary tirhe and 4s. an 
hour overtime. He receives £P for a 50-hour week. How 
many of the 60 hours are cuimted as overtimv ? What is the 
least possible value of P ? 

“ 111 

4. (i) Solve the equation, ^ ” 6 ' 

o (ii) If j (n -f'l) and fn + 1 are equal,^prove that each of them 
must equal n. 

A starts at a salary of £260 a year and receives an annual 
increase of £15 a year. B starts at £320 a year and receives an 
annual increase of £1G a year. •After how many years does A 
receive a lar^r salary than B ? 

[For additional teat papers on Ch, /•/F, see Appendix ^ P* 1-6, 
p. 312.] * < 


f 



CHAPTER V 


THE A B C OP GRAPHS • 

, ^ Graphs on Plain Paper 

The following example is intended for oral work. 

Example 1. A motor-car is fit^d with a ga^ge which shows 
the niimber of gallons of petrol in the tank. Wljpn ffill, the 


Petrof gauge readings. 



Time of Day 
Fig. 80. 


tank holds 5 gallons. A mfttorist starts out at 10 a.m.%nd notes 
the readings on^the gauge at hourly intervals. The result is 
shown in Fig. 80. • 

EXERCISE V. a (Oral*) 

Use the data and figure of Example 1, above, to answer the* 
following questions : 

1. What is the length in inches of the line which represents 

(i) 2 gallons, (ii) 5 gallons ? • » 

• • 

2. How much petrol is represented by an upright line of 
length (i) f inch, (ii) J inch, (iii) U6 inches ? 

How much petrud di& he start with ? How mulsh had he 
at 1 p.m. and at 4 p.m. ? 

4. During what timers it probable that the car was riot ryi^iing T 

5. About what time did he fill up the tank ? ^ 

- 1>«S.A« X ^ 
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6. If the car averages 24 miles the gallon, estimaU^ the 
distances travelled in successive hours. ^ 

7. Can you give a meaning to an upright inserted midway 
between the first and second uprights ; if so, what meaning ? 

8. Can you insert with fair accuracy an upright for 2.30 p.m. ? 


EXE&OISE V.^b 

Draw on plaifh pap^, as in Fig. 80, diagrams to represent the 
reoon^ taljulated below. State in each cp'je (i) whether any 
meeming can be given to intermediate upright lines, (ii) whether 
interpolation is possible with fair accm'acy without farther data. 

Qive \sa>ch diagram a title, and write along each ctxis what that aods 
represents and, where suitable, how it is graduated. 


1. The distribution over the world of the chief languages : 


Language. 






Number who 
speak it, in 
millions 

160 

100 ^ 





100 

70 

50 


2. The average diameter of oak trees of different ages ; 


Age in years 

10 

20 

30 

50 

70 

100 

150 

200 

Diameteir in inches 

5 

10 

14 

,23 

32 

41^ 

54 

64 


. * 

3. The averagip daily receipts of a certain grocer ; 


Day 

,1 

Mon. 

Tues. 

Wed. 

Thur. 

Fri. 

Sat. 

ReceiptB in £ 

- 

13 

11 

14 

6 

12 

18 


The average weight o! boys of difiefent ages ; 

-.11 . Ml. il , , , .. 


■■ 7 

Age in years - 

11 

12 

-U 

13 

14 

15 

16 

17 

18 

Weight in lb. - 

- - 

79 

85 

9? 


114 

129 1 

142 

146 


^ Use of Squared Pa 2 :'er 

Both' t'^zne and trouble are saved by drawing graphs on squared 

paper. 

I f 
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Example 2. Full rnm^ks in a class is 100 ; ^loHowing 

table shows the marksf obtAined by a boy in ^coesedve«weeka of a^ 
term : 


Number 
of week 1 

Marks • 
obtained 56 



Represent this table by a graph. • 

First draw a line^ross the paper and mark points convenient 
intervals along it to repre^nt the 1st week, 2nd week, 3r^i week^ 
etc. # 

Next draw a line up the page and graduate this to show the 
marks obtained. Since no mark is leas than 60 or greater than 90, 
it is urmecessary to show any graduation outside these limits. 

These two lines are called the axes of reference and the gradua- 
tions show the chosen scales. 

Lastly draw lines up the page whose lengths represent the 
marks obtained at the times indicated. 
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(ii) In how many^we^ did he obtain less than 60 marks ? 

(iii) In ‘Which week did he obtain (a) iSiost marks, (b) fewest 
marks ? 

^(iv)- Would an upright midway between the 3rd and 4th uprights 
have any meaning ? 

. Axes and Scajes * 

Axes. A graph records how one quantity varies in size when 
another quantify, on which it* depends, vari^/ We select values 
of the iatter quantity and then find by observation, or nieasure- 
ment, ^or calculation, the corresponcling values ot the former 
quantity. The axis for the qxuintiiy, whose values we select, 
should always he drawn across the page, and the axis for the quantity, 
whose values are observed, or calculated., should be drawn up the page. 
Thus, in the example on p. 65, we select special times and tlien 
observe the height in the gauge at^ these times. The time-axis 
is therefore, in this case, drawm across the page. 

The quantity whose values we select is called the independent 
^ariabl^, the quantity whose values we observe or calculate is 
called the dependent variable. 

Scales. Grfot care is needed in the choice of scales ; a bad scale 
may make the graph worthless. 

First, jee what range of values is be represenfed ; then see 
what length of axis is available for graduation. Thus in 
Example 2, p. 67, the marks obtained are ne^."er les# than 50 
or more th^an 90. The lowest graduation on the upright axis is 
therefore taken as 50 and the highest as 90 ; also 90 - 50 = 40 : 

^ /. for an upright axis, 2 inches long, we^ take 1 inch to represent 
20 marks. If the axis had been graduated from 0 to 100, it 
wojild have been necessary to take 1 incft to represent 50 marks ; 
this sc&le would be inconveniently small. 

Choose a seale which makes plotting and reading ea^t, 1 inch 
may be taken to represent 1, XO, 100,^ etc., or 01, 0-01, etc., or 
2, 20, etc.* or 5, 50, etc., or 0-2, 0'5, Ac/ Occasionally, 1 inbh 
may be taken to represent 4, 40, etc., but this is not so easy a 
scale lo> work with ; 1 inch should not be taken to represent 
3 or 7, etc. 


« 



t,j THE A B OOF GRAPHS , 69 

The * object in repr^esehling facts graphically is to convey 
information rapidly. To make a graph easy to understand, the * 
following instructions must always be carried out. 

(i) Write above the graph a title or a brief ezplanato^ headings 

(ii) The quantity whose values are selected must be measured 
along the ^jds across the page ; the quantity whose values are 
observed, or calculated, alohg the axis up the page. 

(iii) Write along each axis what that axis represents. 

(iv) Choose as la^ge a scale as the paper will al!ow, Jbut it must 
be a scale wluch makes plotting and reading easy. 

(v) Graduate each axis so as to show clearly the scale (pr that 
axis. 


EXERCISE V. c 

State which quantity should be measured along the axis drawn 
across the page for the following graphs : 

1. Postage on parcels of various weights. 

2. Number of paasengers on the Undergroimd at different 

times of day. # 

3. A boy's age and height. 

4. The H.P. of a motor-car and the tax on it. 

5. A travel graph : distance from home and time of day, 

6. A man s age and his expectation of life. « 

7. Tojnperatyre of a patient during the day. 

8. Record times for races of various lengths.* 

9. Rainfall and time of year. * 

10. Age and cost of iipmediate annuity. 

11. Depth of sea at various distances westwards from Land's 

End. * 

12. Stretch of a spiral spring jmder varjpus loads. 

13. A inark reducer : original marks and scaled Inarks. 

^14. A graph to coqv^t*degred& Fahrenheit to Centigrade. 

15. A graph to convert miles to kilometres. 

What scales would you choosec^nd what would be'thejssiiallest 
and largest graduations, to represent the following ranges ci 
values, fo^* the given lengths of axes ? 
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16. Length 10 inehes ; from 7 to df . ^ 

17. Length 10 inches ; from 135 to 1060. 

18., Length 10 inches ; from 5*6 to S3*8. 

19. Len^h 6 inches ; from 45 to 100. 

20. <Length 8 inches ; from 100 to 260. 

21. Length 10 inches ; from 0 to 1^^ 

22. Length 5 inches ; from 65 to 295. 

23. Tiength 6 inches ; from 2*75 to 3*25. ^ 

24. Length 7 inches ; from 0*28 tQ 0*54. 

25. Length 6 inches ; from 500,000 to 800,000. 

Represent on squared paper the following statistics, as in 
Fig. 81. Stote in each case (i) whether any meaning can be 
attached to intermediate upright lines, (ii) whether interpolation 
is possible with fair accuracy without further data. 


26. The number of motor-cars rold by a firm in successive 
quarters is as follows : 



1928 1 

1929 

Period - 

I 

II 

III 

IV 

1 1 

II 

III 

IV 

Number of 
Cars - 
— 1 

420 


620 

510 



740 

580 


What Id (i) the best time of year, (ii) the worst time of year for 
selling cars ? 


27. The annuel premium for a Life Assurance of £1000 varies 
with the a^e of the insurer at the time of the first payment, as 
follows : 


Age 

26 

30 1 

36 

40 

45 

Premium - 

£14. 5s. 

£16. 10s. 

£1\». 5s. 

£23 

£27. 15s. 


Estifnate the premiums for starting at the ages of (i) 32, (ii) 38* 


28. The nimber of fatal street motor accidents in Ei^land and 
Wales is shown in the following table ; 


Year - 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Fatal^ < Acci- 
dents ' 

1812 

1825 

‘i 

1958 




3662 

3947 
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29. .The foUo^nng table ahoira the length of ti>e loagast day to 

differ^t latitudes ; • * ^ 


Latitude in degrees - | 

16 

25 

35 

45 

Length of day in hours - 

12'9 

13*6 

14*4. 

15-4 • 

Latitude ia deggrees 

50 

55 

60 

■B 

Length of day in hours - 

161 

171 

18-6 

B9 


Estiigriate the leJigth of the longest day in latitud©s^30®,962®. 


In representing a set of s^tistics by a graph, it is not necAsary to 
draw in the whole of the uprights ; the usual custom is to mark only 
the top point of the upright^ and to leave the rest to the imagifi&tion. 

Example 3. The graph in Fig. 82 shows the ntimbof ol 
passengers per hour throughout the day on the London XJndoif** 
ground. 


Thue Underground 

Number of Paasengrera per heur, during the da7 



Oral work on Fig* 8*?. 

(i^ The ** workers ” are traveBing between 7 a^n. and I aju# f 
about hoTT many ? 
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(ii) The business i^en between 8 a*m. and 10 a,in . ; about how 
many ? And late-comers between 10^’a.m! and 11 a.m. ; about 
how many ? 

(iii) When is it most comfortable to travel ? 

(iv) When are the “ rush ** hours ? 

(V) Who are travelling between 6 p.m. and 6 p.m. ? 

(vi) Doors open at 5 a.m. and close at 1.30 a.m. How could 
this be shown on the graph ? 

(vii) This graph does not apply to Saturday or Sunday. What 
would be the chief differences (op) for Saturday; (b) for Sunday ? 


EXERCISE V. d 

Represent on squared paper, as in Fig. 82, the following 
statistics : 

State in each case (i) whether any meaning can be attached to 
intermediate points, (ii) whether any intermediate points can be 
inserted with fair accuracy without further data. 

1. The income-tax paid by a manjn various years. 



2. In 1926, the Civil Service annual salaries were supplemented 
by a bonus on the following scale : 


Bonus r’n £ - 

w S 4 . 

99 

123 

147 

176 

495 

205 

Salary in £ - 

200 

,300 

400 

600 

800 

1000 


Is the bonus on the salary the tndependent variable ? 

3. Tlie number of ^pupils who left and entered a school during 
successive years was as follows : 


1 


I "■ 


1926 

1 1027 1 

1928 


Number leaving 


Number ente^g 


Draw both graphs on the savne figure ; mark points on 
graph of ‘*^numbers leaving by crosses^u^Tl points on the gn 
of ^‘numbers entering” by dots enclosed in circles. • 


4. Tipmg ^e data of No. 3, ^nd the fact that there were 810 
pupils in^he school on Dec. 31, 1921, show graphically the^tal 
numbers of the school at the end of each of the years 19^ to l928« 
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5. The population of •A 4 Lstralia is record^ as follows ; 

• ■ • • . 


.. Zm. „ 1 , ■ ■ ,1 

Year 



1871 

1881 

1891 

1901 

1911 

1921 ’ 

Population in millions 

1-66 

2-26 

317 

3*77 

4 '46 i 

6 '^4 


Estimate roi^hly the population in 1896 and 1907. 


6. The following table compares the death-rate of first-class 
cricketers witn the general (male) death-rate, by giving the 
number per 1000 who die between various ages : 


Ago . - - V 

25-35 

30.40 

35-45 

40-50 

i5-5f 
^ 

50-60 

Cricketers • - 

39 

46 

61 

83 


122 

General - 

47 

60 

78 

102 

138 



Draw both graphs on ilie same figure, see No. 3. 


Locus Graphs 

Fig. 83 shows the temperature, at stated times, of a boy with a 
feverisli cold. If his temperature had been taken more frequently, 



there would be more points marked on the graph ; (>u^ th^re are 
sufficient^ give a good idea of how his temperature is changing. 
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Draw in pencil a cnpooth curve throv^gh the marked points in 
Fig. 83. This curve probably represents with fair accuracy the 
locus of the top points of the uprights which correspond to the 
temperatures at intermediate times. We therefore call it a 
locus-graph. It shows at a glance the boy’s temperature (approxi* 
raately) at any time between 8 a.m. and 8 p.m. 

•* 

Oral work on Fig, 83. 

(i) What is approximately his temperature at^O a.m., 5 p.m. ? 

(ii) At what time approximately is his temperature 101°* 
101-7° ? 

(iii) At what times approximately is his temperature 100-4° ? 

The top points of successive uprights are often joined by 
straight lines in order to guide the eye rapidly from one point to 
the next ; in such cases the intermediate points on the lines do 
not represent intermediate observations. 

Similarly, we may join the top points of the uprights in Fig. 81* 
p. 67, by straight lines in order to show clearly the ups and dowms 
in successive weeks, although here the intermediate points on the 
lines have practically no meaning. 


e 4. The height of the barometer in inches is recorded 
at hourly intervals on a certain day as^follows : 


Time - 


10 a.m. 

11 a.m. 

12 

1 p.m. 

2p.m*j 

3 p.m* 

Height in 
inches - 

29*55 

29*70 

29-77 

29*70 

29*90 

29-72 

29-15 



r 

We select the times at which the height is observed, the time- 
axis is therefore taken across the page ; ^'unit, 1 inch represents 
2 hours, the first graduation iS> 9 a.m. 

All reading^ lie beWeen 29 iA. and 30 in. ; /. the lowest 

graduation on the axis up the page may be taken aj 29 in. ; 
scale, 1 inch along axis represenfk 0*5 ir;., h^ght of barometer. 

The given observations are representea by the poii^ts, mark^ 
by crones, ii^ Fig. 84. 

If an liy^tomatic recording miMhine had been employed, the 
pointer of the machine would have marked not only the^ isolated 
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points but also a contin^us curve passing through ibem, thus 
forming a locus*grapk ; this is shown in Fig. 84. * * 



(i) What is the height of the barometer at 9.36 a.m., 12.24 p.m., 
1.24 p.m., 2.48 p.m. ? 

(ii) At what times is the height of the baronieter 29*66 in., 

29*80 in., 29.*45 in. ? • 

(iii) Between what times was the barometer rising 

(iv) Between^hat times was the barometer above 29*65 in. 1 

(v) b!ow much did the barometer fall between 1.30 p.m. and 

2.30 p.m. ? ^ • 

(vi) How much did the barometer rise between 9.30 a.m. and 

10.30 a.m. ? ^ » 

(vii) What inferences can you draw from noticing that a special 
part of the graph elopes downwards and that one part slopes 
downwards more steeply than anotffer part ? 


, EXERCISE V. e 

1. The following table gives \he distance d yards ^in which a 


ifc.. ■ - 1 

V 

30 

40 

S| 

60 

60» 

d 

100 

176 

-g 


276 
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Find from a CTaph <i) how much further ^ train runs after the 
ferakes are put hard on when the speed is 36 m.p.h., 66 m.p.h. ; 
(ii) how fast a train is travelling if it can be stopped in 200 yards. 

Compare the extra distances that must be allowed, for an 
incifease of velocity of 1 mile an hour, for two trains travelling 
at 35 m.p.h. and 55 m.p.h. respectively. 

2. Tf £1 is allowed to accumulate at 4 per cent, per annum 
compound interest, the amount is as follows : 


Number of years . - 

0 


10 

20 

30 

35 

Amount'in £ - 

1 

1*22 

1*48 

219 

3*24 

3-95 


Find Lorn a ginph the amount after (i) 15 years, (ii) 25 years, 
(iii) 33 years. 

After what time will £1 amount to £3. 10s. ? 

Draw on the same figure a graph showing the amount of £1 if 
allowed to accumulate at 4 per cent, per annum, simple interest, 
for the same period. 


3. Expectation of life of an EngliAhman at different ages. 


Age in years 

30 

40 

60 

60 

70 

80 

90 

Expectation 
in years - 

33*2 

26*5 

19*9 

13*6 

8*6 

5*2 

2*8 


Find from a graph (i) how much longer an Englishman may 
expect to live at the age of 34, 53, 66 ; (ii) at what age the 
expectatiofV of life is 22, 16, 11. r 


4. The time of a complete oscillation for pendv\ums of different 
lengths, in London*, is as follows : 


l.<ength in ft. - 

B 



4 

5 

6 

Time in sec. - 

Bl 

1-67 

1-92 

2*21 

2*48 

2*71 


Find from a graph (i) the time for lengths 2 ft. 6 in., 4 ft. 9 in. ; 
(ii) the length to give a time, i sec. 

The pendulum of a block shouid make complete oscillations 
every 2 seconds if the clock is keeping time. How i^hould the 
length be corrected if a complete oscillation takes 2-1 seconds ? 
What alteration in length is required *'t'" reduce the time of^a 
complete oscillation from 1*3 sec. to 1*2 sec^ ? Is it the same as 
before ? 

5-8. Dexribe in general terms the following rough grf^hs, 
Nos. 6>8, and explain any peculiar features. 
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9. Fig. 89 shows some points on the travel-graph of a steamer. 
How far did the steamer travel in (i) 2 hours, (i^ 4 hours, (iii) 
6 hours ? Use your ruler to show that all the marked points lie 
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on a straiglu line. What does tliis me^ ? What is the speed of 
..the steamer ? * 

Draw, in pencil^ travel-graphs for speeds of dOin.p.h., 25 m.p.h.* 
5 in.p.h. . 

50. Interpret the travel-graph in Fig. 90, stating the different 
s])eeds in miles per hour. A^at is the average speed for the 
whole pumey ? 



How u3an you tell without any calculation which part of the 
graph corresponds to the greatest speed ? 
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11, Fig. 91 shows fwo fravel-graphs. Tke graph OCG corre- 
sponds to a man who suooesedvely cycles^ motorsp wa&B, takas a* 
biis and a train ; the graph to a man who motors and th«i 
walks. Both men start from the same house at 10 a^m. . 

(i) Take the graph OCG and describe the journey in det&il# 
giving the various speeds. 

(a) Can ^ou tell at a glance when he is moving fastest and when 

he is walking ?• • • 

(b) How far does he go altogether ? When does he start to 

come home ^ • , 

(ii) Repeat (i) fot the graph OdiS, • ^ 

(iii) If the two men pas^ one another, when and where does it 

happen ? # 


12. A motorist leaves home at 9 a.m. ; the mileage recorded by 
his cyclometer, originally set at zero, is as follows : 


Time - 

9.10 

9.20 

9.25 

9.30 1 

9.40 

1 9.50 

10.0 

10.10 

10.20 

Mileage 

2 

5 

9 

42 

1 

1 19 

24 i 

31 

37 


Find from a graph ^i) the readings at 9.36, 9.54, 10.15 a.nx., 

(ii) the distance travelled between 9.35 a.m. and 10i5 a.m,, 

(iii) the time when the distance travelled is 14 mi., 21 mi., 33 mi.* 

(iv) what is his approximate speed at 9.40 a.m., 10.10 a.m. 7 

13. A spiral spring is suspended from one end \nd its length 
is measur^ when dinerent weights are attached to the other end. 


Weight in gm. 

lo 

wm 

30 


H 

• ^ 

Length in cm. 

22 

24 

30 


m 


Represent graphically the relation bettfeen the length and 
the load. 

What is the length if the load is 20 gm., 40 gm., 65 gm. ? ' 

What is the load if the length is 23 cm., 28 cm., 42 cm. ? 

What is its natural leii^h, i.c. the length when there is no load ? 
Is the graph a straight line 7 I^so, what does this mean ? 
How can you interpret the slope of th» line ? 


14. Th^ British amateur running records are as follows : 


Instance in yd. - 

ISI 

200 

440 

600 

880* 

1000 

Time in sec. 

1#^ 


47*0 

70-8 

112*2 , 
r* 

d32-4 


Repwent this table h^d|rgraph. {p.t.o.] 
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What would be the probable record tor 5p0 yd., 750 yd. I 
c The Amferioan record for 300 metres (1 m. = 1*09 yd.) is 33*2 
sec. ; how does this compare with British records ? 

Shoyld^this graph be a straight line ? 

c 

Draw rough graphs to illustrate the following, Nos. 15-18 ; 

15. A travel-graph : a boy walks for 6 minutes, runs foi 
2 minutes, stands still for 3 minutes^ and thenr returns to his 
starting-point in a car. 

16. The inland postage for letters of various weights : charge^ 
up to 2 oz., }^d, ; for each additional 2 oz. (or (;>art of it), J(4. more. 

17. The change of depth of water ,in a tank, into which the 
rain-water from the roof of a house runs : tine early, a heavy 
shower at breakfast, fino be- 
tween breakfast and lunch, a 
drizzle after lunch and a steady 
downpour after tea which fills 
the tank by 7 p.m. 

18. The time a person takes 
to run a hundred yards at 
different ages. 

19. lyraw on an enlarged 
scale the travel-graph in Fig. 

92. State the distance travell^ 
in the first 4^ minutes, in the 
first 6 minutes, in the first 8 
minutt^s. Find in miles per 
hour (i) l-tie average speed for 
the first 4 minutes, (ii) the 
a}>prc)xirnate speed after 3 ihinutes, (iii) the ayproxim*^te speed 
aft/Cr 8 minutes. < 

After wlnit time is the speed greatest ? 

20. '^riie amount of water in a tank, t seconds after the escape 
• pipe is opened, is n gallons where t, n are^elated as follows : 


t 

• 

0 

5 

10 

15 

20 

% 

40 

50 

60 

70 

n 

64 

56-2 

4 

40 

42-3 

• 36 

25 

16 

9 

4 

1 


Find from a graph (i) how many gallons run out hi the first 
25 second^, and in the first 55 seconds f iii 1 the approximate rate 
at which the water is running out, in ganons per second, after 
15 seconds and after 30 seconc^. ^ ** 





CHAPTER VI 
BRACKETS 


Bracket^ show the order in which operations must be performed. 

If the brackets are absent •different operations may be neces^ry. 

Bemovai of Brac||^s. Addition amd Subtractiofi, , 

(12 -6) -4 means “ From 12 subtract 6, then sub?rac44 from 
the result.” This is usifcilly written 12-6-4, became the 
omission of the brackets does not cause any error. Thus, instea.d 
of (x -y) -z, we write x - y ~~z, etc. 

The expressions x - (y + z) and x - (y - z). 

If I have 12 pence and spend (6 + 4) pence on a ticket, I have 
[12 - (6 +4)] pence left. Thft result would have been the same if 
I had spent 6 pence on one ticket and I pence on another ticket ; 
the amount then left would be written [12-6-4] pence^ 

12-(6 + 4) = 12-6-4. 

In general, x - (y + z) -=x - y - z. 

If I have 12 pence and buy a ticket for (6-4) f)ence, I hav^ 
[12-(6-4)] pence left. The result would have been the •same 
I handed over 6 pence and received back 4 pence chaiige ; th€ 
amount yien lef^would be written f 12 - 6 + 4] pence ; 

/. 12 -(6-4)-12-6 + 4. • 

In general, x - (y -z)= x -y + zj 

In the same way, we can show that 

X -i-(y 4-z) =x+Jr-Hz and x + (y -z) =x + y -z. 

Thus 12 +(6+4) = 12 -^10 -22 and 12 + 6+4 = 18 + 4=22. 
Also 12+(6-4) = 12+ 2 = 14 aud 12+6-4 = 18-4 = 14, 
The rules for the removal of brackets are therefoire as follows 

(i) If a bracket has iX + sign in front of it, any sign coxmecting 
teisms in the bracket remains the same when the bracket u removed. 

(ii) If a Iwacket has a - sign in front of it, any sign connecting 
terms in the bracket is changed w||en the bracket is refnoved. 

Th«s a + {b - c + d)=ta+b-*c+dand o -(6 -c +d)=s:a -6 +c -d. 

P.S.A. 0 V 81 
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* EXERCISE VI. 8 (Oral) 
What are the values of the following ? 


l..(5.+ 6)-2; 6+(6-2). 

• 3. (6 +2) +3 ; 6 +(2+3). 

6. ,9-(2 + 3); 9-2-3. 

7. 3+(4 + 6) ; 3 + 4 + 6. 

State in words the meanings of : 
9. /a+6)-cr 10. (a-i>)-c. 

12. <7+(6-c). 13. o-(6’+c). 


2. (10-2) -6; 10 -(2+5). 
4. (8 -6) +2; 8 -(5 -2). 

6 . 10 +( 6 - 2 ); 10 + 6 - 2 . 
8. 7 -(6-1),; 7-. 6 + 1. 

I 

11 ’ 

14. a -(6 -c). 


Remove brackets from the following : 

15. r + (s-t). 16. r-(s-ht). 17. 

18. (a -b) +(c - d -e), 19. (a -6) -(c +(f -e). 


20. A man has £x in the Bank ; he draws out and. later^ 
hands back £z. How much has he left in the Bank ? How is 
the result expressed if he merely draws out £(y -z) ? 

21. From a tank containing N gallons of water, I first draw off 
p gallons and then 9 gallons. How much is left 7 How is the 
iresult oxpresscMi if (p -hg) gallons are drawn off, all at one time 7 


Copy and complete the following : 

22. Z-fm-n=^+( ). 23.p-g-r=p-( ). 

24. r -s -( ). 25. 2>+c+d=5 + ( ). 


Simf li^ the following : ^ 

26. a + (a + 26). 27. 3a-(a+b), 

29. p~t‘(g~p)» 30. 1+Z— (1—t), 

32. (R+3)-(rf-l). 33. * + 2y-(a!+y). 
35. 1- (6-1). ‘ 36. 2c-(c-d). 

38. (r -hs) -(r 39. p - (g - 3/>). 


41. (p +g + r) +(p +g -r). 

43. (a+6 ~c) -{a -6 +c), 

45. (»-y)+(y-*)-(a:-*)! 

47. 2p-gT(2g-r)-(r-p). 

49./+2y-(/-y-6). 

c 

dolve the following equations : 
51. a; -(7 -a:) =5. 
63.V=7*-(2+r). 

66. (3p-2)+(Bp-3) = l. 


28. 26+(c-6). 
3L*V-(« +<2«). 

34. 2a + (3~a). 

37. 3a; + (2a? - 2y). 
40. 4a + (26-o). 
42. ^ -l-y “(x - 2 ). 
44. ^-fi+Z)+{Z + s-r). 

46. a -{- 26 + 3c - (a - 26 - 3c). 
48. 3a?-3-(x + l)^(l -X). 
50.^1 ~(1 -x)-(2-x). 

o e • 

t' 

62. (2|p-l)-(l + l)=0. 

54. 4-(3n + l)=3. 

56. 1 -(2y-4)+(6's-y)-0. 
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57. ^rOina + 26-c tdkej2-6H-2c. • 

58. Take p-2q from the sum of 3q -p -r and r + 

59. What must be added to 3r - 2s + ^ to make r + s - 2^ T 

60. By how much does 2m - n - s exceed n - m 4-2s ? ’ • 

[A^oie. -For additional driU-eotmnplea, see Exercise E,P, 8, j>. 139. J 

Belnovftl of Braclgsts. Multiplication and Division • 
Example 1. A room is h ft. high, I ft. long, b ft. broad. Find 
the total area of Hi© four walls. • • . 

Fig. *93, which r^resents the four walls, folded ouf flaj, shows 
that the total area of the four walls ^h(2l + 2b) sq. ft. 

# 


Ift. 

6ft 

Ift 

bfi. 

Lonff 

Short 

Lons: 

Short 

WaU 

WaU 

WaU 

WaU 


FIO. 9c{. 


But, by taking each wall in turn, wp see that the area is 
{hl’Vhh -{‘Jd + hh) sq. ft. —{2hl-^2hb) sq. ft. 
the area is represented by either of the expressionssi* 
h{2l’¥2b) sq. ft. or {2hl + 2hb) sq. ft. 

Again, we see from the figure that half the total area is h{l +5^ 
aq. ft. the total area = 2^(Z+6) .sq. ft. * 

2h(i+b)=h{21 + 2b)=2hl+2hb. • 

Tins example shows that when an expression in a^racket is 
multiplied by a rMmber, each term in the bracket must be multiplied 
by that number when the bracket is removed. * 

It is important to realise that the result of multiplying h{l^-b\ 
by 2 may be written, , • 

either os ^h{l -^b) or as h{2l + 2b). 

But the expression 2h{2l + 2b) vajour times A(Z + 6), just a«in 
arithmetic 30 x 40 is 100 times 3x4. • 

ExamplS 2. Multiply (i) 2a(3a -46) by 10 ; (ii) \(x + b) by 6 

^i) The product md^ Be written 

^ either 2(h^{Za-ih) or 2a(30a-406). 

20a(3a - 46) =200 x 3a 20o x 46 = GOa® - Sdab.* * 

2»(30a - 406) =2a x 30a - 2a x 406 = 60a* - 80ab. 
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(ii^ The, product equals 

, =4(a! + 6) 

' = 4z + 20. 

Note. 1 30) equaia | (* + 6) x 36. 


{cab 


Example 3. Simplify 2(4r - 3«) - 3(2r + 2a). 

, 2(4r - Sa) - 3(2r + 28) ==(8r - Ba) - (6r j^a) 

= 8r - 6a - 6r - <!a= 2r - 12s. 

Nott.^ Mistakes are less likely to occur if the work is done in two 
steps as above : multiply first and afterwards remove the bracket. 
Do not try to do both operations in a single line. 


n ^ A e- Tf 2 j; - 1 3a: + 1 

Example 4. Simplify — ^ — . 

(2a:--l) (3a: + l)_7(2a:-l) 4(3a: + l) 

4 7 4x7 “■ 4x7 

_ 7 (2a: - 1 ) - 4(3a: + 1 ) ( 14a? - 7) - ( 12a: + 4) 

“ 28 ” 28 

14a:-7 -12a:-4 2x-ll 
“ 28 ■ ~ 28 • 

Note. /Vhen the process is understood, the working may be 
Bhortoned, as follows : 

2a: - 1 3a: f 1 (14a: - 7) - (12a: + 4)_ 14fl; -7 - 12a: -4 

4 7’" 28 ' 28 

_2a:-ll 
” 28 ’ 

Example 5. Simplify . 

a +6 g - b _ 3b(a + b) - 2a(a-b) 

4a 66 ~ 12r6 

, s. 

_(3 d!> + 36«)-(2o*-^) 

12o6 _ ' 

_3a6 + 36»-2o*+2o6 3b* + 6ab-2a* 

“ 12ab “ l^ab . 
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BRACKETS 
- 1 


3 


Example 6. Solve the equation x — = — 

Multiply each side by 15. 

15(2;r-l) 15(a; + l) 

, 16a:-3(2x-l)=5(a: + l). 

.* 15*-(ail’-3)=5x-f 5. 

J5;r - 6ir + 3 = 5x + 6. 

. late - - DX = 5*- 3. 

1 


4a: =2; 
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EXERCISE VI. b 

Remove the brackets in the following expressions : 


1. 2(3a-4). 

4. i(4n-2). 

7. 2p{p-¥q). 

10, J(6a;-92/). 

13. {n^-ab)-i-a. 
16. |(8R-2). 


2. Hx-y). 

5. a(6» + 2c). 

8. (x-y)2x. 

11. 3c*(l -c). 

14. i(.i:*+2a-i/). 
17. ^(c + 6rf). 


3. (c - d)k, 

6. (3r -s)r. 

9. 2a6(a +6). 

12. 3r(3-2«^. 

15 . i(6b+c). 

18. ^(2a-9b). 


Simplify the following : 
19. 5(iV) 

21. 4(r -8) +3(r -s), 

23. t7(a +26) -6(a -6). 

25. 2a;(4.T - 5) - 5(a; -2). 
27. 2c(c + 3d) - 3d(2c +(ff. 

r + 1 X - I ^ 

~2 3“ * 

r). 


20. 3(a-b) -2(0+6). 

22. 7c - 2(c -d^. 

24. (c + 2d)ri - (d - 3<f)c. 

26. 3(2r-«-f)-2(s-«). 

28. 3a'(3.r - 2y) + 2y(3x - 2^). 


29 


3(k 


2o - 1 1 - 2o 

— - — + — - — . 


31. i(R+r)- 

33 ® 

M 3d 


i(R' 


32. i(p+2q) 

• 34 . 


-Hp,+9)‘ 


8-2 8-1 

~4r'^~w 


35. a - 


37. 1 


a -o 


2 

6p 


36, I (d - c) + e. 


38 , 


22/ +3 


!/ 
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a+x a 

-X ' 

an 

m - 

m 

. 

09. 

2ax Sax 


n ** m 

* 


41. 

f 

a . b 

26 

a* +6* 

^ ' 

42. 

. c 

^ " 2c"' 

e -d 

“"ST- 


SoIm^ the following equations 





43. 

5(a; + l) 

-3(a;-l) = 14. 

44. 

3-5(y- 

2)=r3(2t,^ 

~3). 

45. 

7(8-n)- 

-6(ll-n) + 5=0. 

46. 

5(x-2)+2(x~7) 

= S(x + l)o 

47. 


ft 

= 4. 

48. 

s-f{*Vf=6. 

t 

49. 


II 

50. 

?(* + !)■ 

-t(*-i) 

=-0, 

51. 

p + l,p 
2 ^ 


52. 

f(y-i)- 

-i(3/ + 5) 

= 6. 

53. 

3n + 1 j 
5 ~ 

5(1 +n) jQ 

3 

54. 

2a: + 1 a? - 1 , 

5 3 



55. (i) Evaluate 87 x 99 by writi^ig it as 87(100 - 1). 
(ii) Evaluate in a similar way 999 x 763. 

56. (i) Evaluate 48 x 1 J by writing it as 48(2 - J). 
(li) Evaluate in a similar way 42 x IJ. 


Copy and complete the following relations : 


57. a; + 2i/ -2z =a: + 2( ). 

59. ?ra-6ra=2r( ). 

61. -xy -y^ ~x^ '-y[ ). 

63. 2a-66 + 3c=2( ) + 3c. 


58. a - 36 - 3c =a - 3( ). 

60. 2p -q+r = %p -( ). 

62. Z-3m + 6n = Z~3( ). 

64. 1 -X -a? =1 -x( ). 


[Note, For additional driU-examples, see Exercise E.P, 9, p, 140. J 


Binomial Produces 

The systematic treatment of produces, quotients and factors 
is fjiven in Ch. XI, but it nwiy be useful to show here how the 
methods, juso practised, can be applied to 
binomial products. 

Draw a rectangle /cn-6) in. high and ^ jn. 
wide ; its area equals (a +6) x a; so? in., and is 
the sum of the areas of the two compartments 
in the diagram, ax sq. in. and bx sq. in. , 
{a-\-b)x=ax+px. 



Henoe 
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If the rectangle is (c wide, we writ^ (c +d) mstead of *. 

Hence (a4-6)(c -i-d) =a(c+d) +6(c+d). * 

But the rectangle whose €wea is (a+b)(c+d) sq. in. can be 
divided into four compartments whose areas are ae sq. iB.^ 
ad sq. in., be sq.^in., bd sq. in. 



Hence (a + b)(c -f d) =ac + ad + bc +bd. 

Similarly, (a -b) y =ay - by. 


Now write (c -d) instead of y, 
then (a ‘-6)(c -d) =n(c -d) -6(c -d) 

= {ac - ad) - (6c - 6d) 
•=ac - ad - be +bd. 


This result should be illustrated or checked by using Fig. 97. 



FIQ. 97« 


Any other binomial product may be worked ou# in the same way* 

Example 7. Expand (2x -3)(a? + 6), • 

(2a? - 3)(a? + 6) =2®(x + 5) - 3(a? + 5) 

=(2ja + iaa?)-(3a?-|-16) 

=2a?* -f 10a? - 3a^- 15 =2x* + 7x - 15. ^ 

exerAsevi. c’ 

Expand the following expressiens ; 

t*. (^+c)(y+ 2 ;). ••2 (a-6)(a?+y). 3. {e+d)(y-z), 

'4. (a-d)Cx -z), , 6. (o-a?)(o+y). 6. (e -y)(d -y). 

7. (a+fc)(a-c). 8. (a? -g). 9. (a? 

10. fo + 2Ma + 3). 11, (b+4H*-l), 12. (c-3)(c-6). 


• • 




icm 
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13. (*-3) (* + 4). 
16. (^+3)(;P+3). 
19. (0 -2^) (a -36). 
22. (2* + l)(3»-l). 
26. (xfy)*. 

28. (3c-2ci)a. 


A NEW AySEBRA 
14. (y-l)(3, + lj, 

17. (?-6)(g-6). 

20. (c+d)(o-4d). 

23. (3j/+2){2j/ + 3). 
26. 

29. (2a + 56)*. 


15. (* + 3)(*-3). 

18. (2+r)(4-«'). 

21. (x-y)(x + ^). 

24. (2z-l)(4«-3). 
27. (x+y){x-y). 

30. (3jn + 4c)(3/)-4?)„ 


Systems of Brackets ^ 

If one setfof brackets is enclosed inside anoKler set of brackets, 
the meaning of the expression is more easily understood if 
different shapes of brackets are used. (Cf. p. 14.) 

The ordinary forms of brackets employed are as follows : 

a-{b+c) ; a - [6 - c] ; a - {6 ^-c} ; a - 6 + c. 

The use of the line in the last expression is similar to its use in 
6 4“ c 

the fraction — ^ , which means J (b c). 


Example 8. A rectangle, I in. long, b in. broad, has the same 
perimeter as a square. By how much does the area of the square 
exceed that of the rectangle ? 




/In. 1 
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The perimeter of the rectangle is 2 (Z + 6) in. , 

/. the side of the square is J of 2(i +6) in. = +b) in. 

The area of the square is {J(^ + 

the area of the square exceeds the area of the rectangle by 

[{i(l+b))»-lb] sq.,|ii. 


l^his expression could also ?>e written, sq. ir 


Example 9. Express in bracket form the result of siVbtracting 
Ss -(6 - 2c) from 5a - (6 -f-c), ana simplify if.. 

The result of the subtraction may be written ^ 
{6a-(6+c)} -{2a-(6-2c)>. 

This expression = {5a - 6 - c} - {2a - 6 + 2c} 

= 60“6-c-2o+6-2c = 3a-3c. ' 
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When simplifying expreyiions containing ^jrackets, enclosed in 
other brackets, remove the inner brackets first, and oollect like . 
terms (if any) before removing the outer brackets. 

EXEBCISE VI. d 

Simplify the following expressions : 

1. a-(A-6‘^). , 2. p+g-{p-(p-g)}. 

3. 3[(2a-f6)-(a-6)]. 4. 2{3(a; + 1) -2(a; - 1)}. 

6. 2p{p -p -3^ -^9'}. 5[x -2y]~t[x --x 

7. 10c -2{c -3(4 -c)}. *8. d- 3[d-5(d-l)]. • 

9. 3{6- [2 -2(6-1)] + 2 }. 10. 2e -[e-2(e -/)-/]., 

11. 2[ffl(a-6)-6(a+6)]. 12. 7r -2(r + 2« -F^). 

13. {2a[a+b)-a^+ac}~a. 14. W - W{3 - (2 +e)}. 

15. If a wave h feet high travels across the sea where the 
depth is d feet, its velocity is \/{^2(d + 31i)} feet per second. What 
is the velocity of a wave 2 ft. Ijigh moving across water 12 ft. deep ? 

16. If a clothes line, I feet long, is attached to the tops of two 
poles, d feet apart, the sag at the middle is approximately 

-d)} feet. Find the sag if the poles are 24 ft. ai»rt and 
if the clothes line is 25 ft. long. 

17. What sum of money is represented by £{.j Jo [ 1 2( 20x 4- y) + z ]} >, 
ifa; = 3, i/=:5, z = 7 ? Give the answer as a compound quantity. 

18. What 'y^eight is represented by fi\^{(20p +g)4 +r} |^ons, if 
p=:ll, g = 13, r = 3 ? Give /he answer as a compound %pantity. 

19. The total surface area of a clo^d circular cone of base-radius 

® 22r 

r in., height h in., is approximately {r + V(^* sq. in. 

What is the total surface area of a cone of height 4 iif. and base 
diameter 6 in. ? 

20. Use the formula ii! No. 19 to find an expression for the total* 
surface area of a cone^f height p inches and base-diameter 
3o . , 

~ mches ? • « 

Expros^Nos.'21-24 in bracket form and then simplify : 

21. Subtract x - {2y-\-z)^ from oi + (2z - y). 

22. What must be adAed to 2/ - 3[w - v] to give 3w - 4[v -/] ? 

23. What must be* subtracted from 6r(r - s) - s* to leave 

«*-3r(c-r)? * • 

24. By tow miich does U - 3{m - 2n} exceed m -2(1 + 3n} 7 
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Areas and Volamea 

Mensuration formulae are often expressed in bracket-form, 
not only for the sake of brevity, but also because this is a more 
suitable form for computation. 

We shall assume the following formulae : 

1. The circumference of a circle of radius r in. is,2^r 

2. The area of a circle of radius r in. is sq. in. 

3. The volume of a cylinder or prism whoar cross section is 
A sq. in. and' whose length is 1 in. is Al cu. in. ^ 

When numerical values are required, n may be taken as ^ 
or 314.' 


Example 10. Fig. 09 represents a square plate from which 
four equal semicircles and one complete circle have been cut 
away, as shown ; the units are inches. Find 
the area of the upper surface of the plate and 
express it in the form, N . s<^. in., where N is a 

number. Evaluate N correct to one place of 
decimals. 

Find also the volume of the plate, if ittf 
thickness is ^ in. 

D 

The area of the surface of the plate, before 
it is cut, is 3a X 3a sq in. =: 9a‘ sq. in. 

Four semicircles equal two^mplete circles ; in all, 3 com- 
plete circles are cut away. The diameter of each circle' is a in. ; 

the radios is ^ in «; the area of each circle = :r sq. in. 


The valueof 

4 ' 4 , 4 

• ' o 

Tlie volume of the plate = ^9 - ^ ‘ 

cu. in. - 

0 



=- 4 - sq- in- 


area of surface of plate= 


W) 


sq. in. 


. sq. in 




BRACKETS 


m 


fi4 


• EXERCISE VI. e • 

[Do not substitute for unless specially told to do 80,1 

1. Fig. 100 represents a rectangular plate with two r^tangular 
holes pierced in it, the units being inches. Express in bracket fohn 
the area of the upper surface of the plate. How can the result be 
written if 5a ? • 



no. KK) FIO. 101. • 


2. Tf the units of the dimensions in Fig. 101 are inches and 
all comers aro right-angled, express the shaded area in the form 
(i) N . a* sq. in., (ii) k . sq. ft. 

3. The shaded area in Fig. 101, is the base of a hollow bricky 
the units being inches ; and its length is 2a inches. Express the 
volume of the brick in the fdrm k . a* cu. in. 

4. With the data of No. 2, if the ‘plate weighs W oz., and is 

made of material weighing w oz. per cu. in., find the thickness of 
iihe plate. * 

5. Find in bracket form the area of Fig. 102 ; state a unit. 


iL 



a ■< p ^ 

Fia. 102. ^ Fia. 103. 


6- Find in bracket fo^n the area of Fig. 103 ; state a unit. • 
7. Fig. 104 represents two cong^ent right-angled trapezijgms 


a • h • 


h 

• • 

b a 

• Fig. 104. 

fittad together to form a rectangle. What is the area of the whole 
figure ? What is the area of each trapezium ? State a unit. 
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8 . Fig. 105 is foifmed of a rectangle witji triangles on one pait 

- / 

"T 

c 

_L 

FIO. 105. 




of opposite sides as bases. State a unit and find the area of tlie 
figure. 

9. Fig. ?i06 represents a lawn surrounded ’yy a path d ft. wide. 
Exr)res£. in tw’o different waya the area of the path. 

10. What is the total surface area of a cubical block whose 
edge is (i) I in., (ii) (f + 1) in. ? Do not remove brackets. 


4 

6 ft 

ii 


I'lG. 



11. Find the area of the triangle in Fig. 107, the figure enclosing 
it being a rectangle. State a unit. 

12. A closed box with rectangular /aces is I ft. long, I ft. wide^ 
h ft. high. Express the total “area of its surface m bracl<;et form. 

13. Repeat No. 12, if the length, breadth 
and height are each increased by 1 foot. Do 
not remove brackets. 

t 14. In a brick wall, I ft. long, h ft. high, there 
are two windows of height a ft. and of lengths ^ 

u ft., V ft. respectively ; there aro also two 

windows of height b ft. and of lengths p ft., q ft. 
respectively. Express by bracket 3 the area of 
the brickwork. 

' c 

15. The cross in Fig. 108 i'S fornped by Fig. 108 . 

two overlapping rectangles, the units beiiig ^ 

inches. Find the area of the upper (visible) surface in bracket 
form. , 

16. Fig. 109 represents the quadrant of a circle. Express its 
perimeter in the form N . r. 





ViJ 


BRACKETS »3 


17, What is the radius of the circle whose v^rea is equal to that 
of the quadrant in Fig. 109 ? * 



FlO. 109. 



Fia. 110. 


18. Fig. 110 re^^ents a lawn divided into tw(f parts by.a path 
6 ft. wide with twc^ circular flowfer beds, each of radius feet. 
What is the aim of the grass in sq. ft. ? 


19. With the data of No. 18, find the total 
length of the grass edging in feet. 

20. The minute hand of a clock is 3Z in. long ; 
how’ far does its tip move in 40 minutes ? 

21. Find the shaded area in Fig. Ill formed 
by cutting a circle of diamet%r d in. out of a 
circle of radius d in. 

22. With the data of No. 21, find the peri- 
meter of the shaded area in Fig, 111. 



23. Find the shaded area in Fig. 112 formed by cutting away a 
quadrant from a square. What is the perimeter of the figure ? 



— X in. — 
Fia. 112. 



Fia, 113. 


24, Find the shaded a^ea in Fig. 113 enclosed by 4 quadrants, 
each of radius r in Wlia^ is the perimeter of the figure ? 

25. The total surface area of a closed circular cylinder of rad jus 
r in., height h in., is 2nr{li +r) sq. in. What is this for a cylinder 
1 inch high and 1 foot in diameter ? TaWb n 

[Note, For additional examples^ see Appendix, Ex, S. 6, p. 288. 
Fdt a revision exerdik dh Ch. III-VI, see Appendix,*Ex. R. 3| 

p. 261.] 
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TEST PAPERS A. 16-25 

A. 16 

/ ' 1. (i) Add together o - 6, 6 - c, c + a. 

(ii) What is the square of 4tx^y and the cub^ of 2r2s ? 


' 2. ^ Wliat is the total cost of 2x apples at y pen^e a dozen and 
4y pears at x pence a dozen ? 


, 3. Solve the equations (i) J(< - 11) =3J ;• , 

", (ii) o(y-2)+2(2/ii6)-3(2/+5)‘==5. 

4. Simplify (i) s - +«) ; (ii) a - 3(c - a). 

6, In Fig. 114, ABC is a straight line ; find the value of x. 



ABC 


KIO. 114. 

I 

A. 17 

A. If tf = 7, f = 4, find the values of 

(i) 35 (ii) 2t^-st; (iii) 

2. {i) Vliat is a square root of 36p^q^ ? 

(ii) If 9a: gallons of beer cost 2y shillings, find the cost in 
pence of half a piAt, at the same ratfe. 

3. (i) Solve the equation, 0*l(n - 3) =:0‘16(n -4). 

(ii) Show that y = 10 is a root of the equation 

' 4. Simplify (i) (x® -3x -21(3x*) -(x*<^"-x - l){2x) ; 

^ (ii) 1J(T + «)-U{T-0. 

6. A jug and basin ftost 11s. ; ’ the jug costs half a crown more 
than the basih ; find tlie cost of each. 

I 

A. 18 

(ii) If a = 3, 6 =2, verify that (a - 6)* =:a* - 6* - 3al{a -6). 

e * ^ 



16 . 19 ] TEST-PAPERS M 

v2. A, grocer buys 20^doz^ eggs at p shillings a dozen ; he sells 
16 dozon at (tj + J ) shillings per dozen and the resfr at (p+J). 
shillings per dozen. What is his profit ? 

s 

1 2 

3. (i) Solve the equation, • * 

(ii) For what value of c is a: = 2 a root of the equatidh, 
3(i_c)-^ = JxT 

% • • 

^9py bll in the blanks in - * 

(i) 6p®-3pg = 3p( (ii) 2o-6+c=2a-( *). 

5. Fig. 115 shows, in degrees, the angles at which a line is cut 



ff’io. 115. 

by two parallel lines ; find the value of x. 


A. 19 

1. (i) Simplify (3ra)> - (2r*)». • 

(ii) Whfi^ must be added to 2(21 -m -2n) to make^ 

Bfl + 2m-n)t 

2. Th^ S!im of the ed^ of a cube is / feet. Find (i) the 

volume of the cube in cu. inches, (ii) the total serf ace area of the 
cube in sq. inches. ^ 


3. 


4. 


Solve the equations, (i) 3(a; - 3) - 5(12 -x) =6. 


#(ii) 


y-ii 

3 


y-3 

4 


1 

2 * 




j 


Express r{r + +r*)} iie terms of p, if r = 3p and h = 4p. 


5. (i) Sivent a problem about numbers which would lead to 
^ the equat^n^ • * , 

r?^/(n + l)+(Vi + 2)+(n + 3)+(n+4)+(w+5)=c. 

Then find /a in terms of c. , * 

,(u) Can you find 4 consecutive odd numb^ whose sum 
• is 40 ? 
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1, If r =7, « = 1, t =4, t; = 1 , find the values of 

, (i) (r-«)-^(^-v) ; (ii) r-s-i-(t~v); (iii) {r-a)-7:t-v. 

2. Tests for the breaking strain of a wire rope gave the following 
resulte : 


Cireumf erence in inches 

1-6 

2 

2-5 


3-5 

4 

Breaking straini in tons 

40 

7-5 

12 • 

1 *— 

f 18 

26 

37 


Find from a graph (i) the breaking strain if the circumference is 
2*8 in., 3*7 in. ; (ii) the girth if th^ breaking strain is 9 tons* 
20 toils. 


7 5 

3. Solve the equations, (i) 4x — 5x; (ii) 7-8 =7 +2. 

t t 

4. Copy and fill in the blanks in 

(i) b -2a=2b ); (ii) 1 -a:* +a;° = 1 ), 

6 . P -(15 per cent, of 2P) =21 ; .find P. 

A. 21 

1. (i) Find the L.C.M. of 6 abV, I2b\ 9a»6c*. 

(ii) Multiply (^^--1) by 18. 

2. ^i) The temperature rises from t° C. to C. ; how many 
degrees ^itthis ? (ii) The tomperatpre is (a + 6 )® C. ; if it falls 
{a - b)°, what does it become ? 

3. (i) Solve the equation, a; + 1 - — = . 

* u o 

(ii) Find num<>rical values of x and y such that the expres- 
sions X + 2 and 2 ?/ and 5 - x are all equal. 

4. Use Fig. 116 to find another way of writing {t +3)(^ + 4). 


<1. 

3 

4 , 



Fig. 116. 


5. bu& travels 3 miles en hour faster than a tram. In 
80 minutes the tram goes 2 miles further than the bus goes in 
50 minutes. Find the speed of the tram in mdes per Hour. 




SX^24] 


m 


TEST •PAPERS 


A. 22 


1 If p =7, g = 3, a; =4, y =2, verify that 

{p-q){x-y)=(px+qy)-{py-^qx). 

2. The temperature of the water in a boiler is rising at a steady 
rate, (i) At 6 a.jn. it is x°, at 7 a.m. it is 2/®, what is it at 8 ,a.m. T 
[ii) At 6 a.m. it is p®, at 9 a.m. it is what is it at 7 a.m. ? 

3. Solve the equations, ‘(i) 6 - f (r - 6) = i(r + 1) ; 


/ -x ^ 3 18 . 

. (ii) 4 — = 3. i 

4 . (i) What must be added to the sum of — and to 
give a ? ^ 


(ii) Simplify (2a;)®-H(2a;)*. 


5. A boy gets 3 marks for each sum right and loses 2 marks for 
each sum wrong. He does 24 sums and obtains 37 marks. How 
many were right ? 


A. 23 

1 . Simplify (i) 5a - 2 ; (ii) 3 _ ^ . (iii) ^ x ~ . 

2. (i) A boy was p years old q years ago ; how old will he be 

in (p - q) years’ time ? 

(ii) If R — 3p “ g and r =p + 3g, show that +r*= 10 (p* +g*) 
when p =2, g = 1. 

12 

3 . Solve th^ equations, (i) — =96; 

I X 




(ii) 


o(l-r) 

3 


3s-Jt_l 
5 “ 6 * 


4 . Copy and fill in the blanks in 



5. I travel 26 miles in 2i hours, walking part of the way at 
3 m.p.h., and motoring th^ rest at 24 in.p.h. How far do I walk T 


A:'24 

1. Siinpfify(i) (ii) M 


3s2 


X Ssi, 


a ii ^ 

2. The eid^mal dimensions of a closed wooden box are 12a in., 
by 10a in., by 8a in. ; +)he wood is a in. thick. Find (i) the area 
of the outside surface, (ii) the area of the inside surface, (ill) the 
yolurae of the space inside the box, (iv) the volume of wood used 
in making 'She box* 



[A. 24, 25i 
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• . 11 * 

3. Sol the equations, (i) 

an ?Li2 , ^ _y-i 

• ‘ 15 +20“ 20 * 

« 

4. By how much does 6a; - 3 (y - 2z) exceed 6^; - 3(a; +?/) ? 

« ( 

5. An article is reduced from P shillings to t chillings in a 
sale. The sale price is 14s. ; how much is it reduced ? 

, " A. 25 ^ 

1. Find the value of 3x^ - a; + 4 when a; = 3, 2, 1, 0. 

•i. ‘ ^ * 

2. Experiments with a screw-jack showe)d that the load to be 
raised and the necessary effort wore related as follows : 


l\ioad in lb. wt. - 

100 

120 

ICO 

180 

200 

Effort in lb. wt. - 

120 13-8 

»» 

17-6 

19-6 

[ 21-5 


Find from a graph (i) the necessary effort if the load is 140 lb 
wt., 170 lb. wt., 180 lb. wt. ; (ii) the load that can bo raised by 
an eff<(rt of 13 lb. wt., 16 lb. wt., 20 lb. wt. 

3. Solve the equation, -3) -i(5 ~x) --1(4^ -x), 

4. (i) What must be added to r tons s cwt. to make up (r -i- 1) 
tons ? 

/ii) Express twice k cwt. as a compound quantity if 
10 <^< 20 . 

5. There are 2743 candidates at an exarnirj:ttion ; some took 
4 papers and the rest took 3 papers. There were in ah 9115 sete 
of answers to bo corrected. How many took 4 papers ? 



CHAPTER Vn 


DIRECTED NUMBERS 

Signless Numbers 

• • 

Jn the previous chapters, the signs + and - have been used 

solely as orders % *•* add,” ‘‘ subtract.” The e^ipression^ 6-3, 
means “ From 5 subtract 3 ” ; the numbers, 5 and 3,^re signless. 
For many kinds of measiyeinent, signless numbers supply all 
that is needed, e.g. the number of days in a week, the ftufhber of 
rniJes from London to Land’s End, etc. In quantities of this kind 
tliore is no idea of “ up and down ” or “ backwards and forwards ” 
or “ clockwise and anti-clockwise.” But when quantities which 
involve the idea of direction occur, it saves time to give further 
meanings to the symbols + And - . 


Positive and Negative Numbers ^ 

Suppose I buy a number of things and sell them again, the 
results of the transactions may bo recorded as follows : 



Uouse 

Car 

Picture 

Horse 

Field 

Carpet 

Gain - 

£80* 


• 

0 

£60 y 

• 

Loss - 

• 

. £40 

£15 1 

0 


£12 


Hut it is shorter to write : 


1 

House 

Car 

Picture 



Horse 

Field 

Carpet 

CJain - 

^ + 80) 

£(-4») 

£(-15) 

0 

£(+60) 

£( - 12) 


The symbols + and - in this tabic are not instructions to adi^or 
subtract ; they are called the signs of the numbers. 

The number ( + 80) is called a positive number* the number 
( - 40) is called a negative numbfr. My gain £( +80) is a short 
way of saying that I^nf £80 better off, or that my cSpital goes 
tip £80 ; gain £( - 40) is a short way of saying that I am £40 
worse off, or that my capital comes down £40. ThSis thfe new 
notation represents in a short form up-and-down movements, 

• 99 
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backwards-and-forwiirds movements,*^ etc.^ in fact, qusrtfcitieb 
with whicli the idea of direction is associated ; for this reason 
positive and negative numbers are called directed numbers. The 
symbol 0 means that there is no change either way, ( + 0) is the 
same as ( - 0) and so each is simply denoted by 0. 


EXERCISE VII. a 


1. A tank, with its base horizontal, contains water to a depth 
of 10 ip., a nunlbor of vertical rods A, B, C,\.f are fixed to the 
base (see Fi(^. 117). f 

. - 


( 

A 

B'^ 

C 

D 

E 

F 

Length of rod in inches - 

18 

8 

4 

12 

7 

15 


Express in short-hand form, the height of the upper end of each 
rod above the water level. 



Fig. 117. 


2. On ^ Centigrade thermometer (see Fig. 118), the 
freezing pjint of water is indicated b3" 0*^ C. ; express in 
short-hand form, the following temperatures : 

(i) 4° below freezing point ; (ii) 20® above freezing 
point; (iii) 1 6 •5'^ above freezing point ; (iv) 22*8® below 
freezing point ; ( v) 7 J degrees of frost. 


< What is the meaning of (i) ( - 5) degrees Centi- 
grade ; (ii) (+18) degrees Centigrade^; (lii) a rise in 
temperature of ( - 3°) ; (iv) a fall in temperature of 
(-C®)? 


3, A number of clocks are being regulated ; express 
in short-hand form the following records : 



Fig. 1J8. 


Clock ' 1 

I 

II 

III 

iV 

B 

VI 

vii 


17 


8 


B 

3 

5 

Seconds slow 


8 


11 

14 


c 
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4. A gun is being, rangfbd by an aeroplatie on a target ; the 
direction is correct ; the distance of the fall of the •shell from 
the target is signalled as follows : 


. Round 

n 

11 

III 

IV 

• 

V 

■ VI. 

Distance in yarcjs * 


-180 

-M40 

-70 

+ 35 

O.K. 


What dcf these signals rpean ? 

5. Explain the following ; 
Height in feeMabove sea -level. 


WlncHbster 

Dea<?Sea 

Jerus^em 

HUl CO, Yprcs 

-9 

Sea ^ Galilee 

( + 128) 

( -1300) 

•(+2600) 

( + 195) 

0 

00 


6 . Express in short -hand form : 


To travel from 0 to 

- 

A 

B 

C 1 

D 

E 

F 1 

Q 

Proceed miles east 

- 

24 




6 

7 


Proceed miles west 

- 


2 ^ 

8 

10 



17 


7. Taking the year 1914 a.d. as the beginning of a mew era 
0 A.B., express the following dates by direct^ numbers 1913 A.D., 
1915 A.i)., 1900 A.D., i926 a.d., the year of your birth. 


8 . Express in short -hand form a man’s bankirig account ; 



Jan. 1 

March 1 

May 1 

July 1 

Sept. 1 

Nov. 1 

m 

Credit 


£'f0 

£30 


• 

£12 

Overdraft - 

£65 


1 • 

1 

£43 

£49 



9. AVhat do the following golf handicaps*mean : 

(i) +4 ; (ii) - 12 ; (iii) - 18 ; (iv) -f 1 ; (v) 0 ? 

10. A stone is thrown vertically upwards with velocity 40 ft.* 
per sec. Explain the Aeaning of the following table which 
shows its velocity at half -second intervals : • 


Time in sec. 

0 

1 

1 

•H 

2 

• 

2 i 

3 

0 

Velocity in ft. per sec. 
* 

+40 
— » — 

+ 24 

+ 8 

-8 

-24 

-40 
-* 

-66 


11. Rewrite the following, using signless numbers : 

(i) A temperature bf ( - 8 ) decrees C. • ^ • 

(ii) The lowest part of the bed of Lake Como is ( - 600) flib 

above seadevel. 
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(iii) My watch is f - 3) minutes fast^and.youra is ( - 2) minutes 

alow. 

(iv) My bank balance is £( -24). 

^(v) 'In a 220 yards race, I received a start of ( - 10) yards. 

(vi) This year, I have gained { - 10) lb. in weight and you have 
lost ( - 16) lb. in weight. 


12‘. Taking Greenwich time as thfe standard, the following 
variations occur in local time ; 



» Bcnie 

Halifav 

Petrogr^d 

New York 

Hours 1 
#! 

1 

-4 

t 4- 2 

-5 


What does this mean ? 


13. Taking 12 noon as zero hour, express by directed numbers 
the following times, (i) 3 p.m., (ii) 11 a.m., (iii) 8 a.m., (iv) 4.30 
p.m., (v) 10.30 a.m. 

14. Write down four consecutiVe whole numbers of which 
the greatest is (i) -f 10, (ii) + 2, (iii) - 2. 

15. A, is 2 miles north of B ; how many miles is B north of A ? 


On 

-+5 

- +4 

•-+3 

-'+2 

--+1 

- 0 
i 

---1 
--- 2 
--3 

..-4 

-•-5 

Fig. 

119 . 


The Number- Scale 

the Centigrade scale, the temperature at which water 
freezes is marked 0 (zero) ternperaturos above zero are 
represented by positive numbers, temperatures belov' zero 
by negative numbers. This is an exampiVj of wha^ is called 
the numbei. -scale, see Fig. 119. 

■t 

Addition and Subtraction 

The number -scale can bo used^^to perform addition and 
subtraction, moving up and down it, as on a ladder. 

A is 5 ponce in debt, B has 2 pence ; add together what 
A and 3 have ; the net result is a debt of 3 pence. This 
may be written as follow‘d, working in pence : 

(-5)+(+2)=(-3) or (+2) +(-6)=(-3). ’ 

^ Thus, to add ( + 2) to ( - 5), start at ( - 5) on the ladder 
arid move up 2 steps ; and to add < -5) to ( +2), stayt at 
( + 2) on the ladder and move down 6 steps. 
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In genoral, +( + N) jneajffe “ add ( +N) ; Ho do this, move N 

steps op the scale. * 

ttnd +( ”N) means “ add ( -N) ” ; to do this, move N 

steps down the scale. • 

For subtraction, since 

(.-3X=(“5)+(+2) and ( -3) =( H-2) +( -5), 

VV0 can say, • • 

(-3)-W+2)=(-5) and (^- 3) - ( - 5) + 2). 

Thus, tp subtract ( 1 2) from ( - 3^, start at ( - 3) on this ladder and 
move down 2 steps ; • 

and to subtract ( - 5) from ( - 3), start at ( - 3) on the ladder and 
move up 5 steps. 

In general, “( +N) means “ subtract ( 4 N) ” ; to do this^ 
move N stops down the scale. 

and -( -N) means “ subtract, ( -N) ” ; to do thisp 

mo\% N stops up the scale. 

The process of moving N steps up thfe scale may be represented 
more shortly by wiiting 4- N and that of moving N steps cjpwn the 
•wale by - N. We therefore make the following rule of Liigus. 

+ ( 4 N) = 4-N ; - ( -N) -- -i N ; move up N steps. 

4-(-N)=“N; -{ 4 -N)--N; move dow'n*N steps. 

• % • 

EXtRCISE VII. b • 

1. Tlfe temperature (Fontigraefe) is ( +5°). Wliat does it 

betjome after (i) a rise of ( 4- ; (ii) a fall of ( 4-<)‘^) ; (iii) a rise tf / 

i( -2‘’) ; (iv) a fall of ( - 3°) ? 

Wliat are the values of the following : 

(i)5+(4-7); (ii)«-(4 6); (iii) 5 4- { - 2) ; (iv) 5 - ( - 3) ?• 

2. Give, in full, ex})fessions for the final temperature, and 

then simplify them. • • 

(i) First temperature («r3®) C. ; a rise of (4-5®). 

(if' First temperature ( 4-6®) C. ; a fall of ( •-2®). 

(iii) First temperature ( 4ii2®) C. ; a fall of ( 4- 3°). 

• (iv) First temjei^ture ( ~ 4®) C. ; a rise of ( - 6*). 

3 A is ( 4-100) feet alx)ve sea-level ; what is the height of 
B above sea- level if B is (i) 80 ft. above A, (ii) 60*ft. .bflow A, 
(iii) •160 ft. below A ? What is the value of ( 4- 100) 4- ( - 60) and ot 
If -f 100) 4-^ ' 160) ? 
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4. A man starts >the year with a d^ificit of £100 and ei^ds the 
year with a deficit of £60. What has he gamed during the year T 
What is the value of { - 60) - ( - 100) ? 

5. A man walks up from the basement, 10 ft. below ground- 
lei^el, to his. bedroom, 16 ft. above ground-level. What height 
has he ascended ? What is the value of ( + 15) - ( - 10) 7 

6. A freezing mixture is ( - 12°) C. ; it is melt®d and heated 
up to ( -t- 4°) C. What is the change of' temperature 7 

7. Which is^the greater, (-3) or ( -6) 7^ Illustrate your 

answer- by ^efernng to (i) the' number-scale, 7ii) the idea of sea- 
level. j “ 


8. ipi^t must be added to 
(i) ( -f2) to give (+5); 
(iii) ( -4) to give ( -1) ; 
(v) ( - 5) to give ( - 9) ; 
(vii) ( -f 3) to give 0 ; 


(ii) ( -h2) to give ( -3) ? 
(iv) ( -4) to give ( -1-1) ; 
(vi) ( - 5) to give 0 ; 
(viii) 0 to give (-2)7 


9. Write down the 

(i) (-1-8) -(-(-4); 
(iv) ^-2)-{-3); 
(vii) (-2) -(-1-3); 

(X) (-3)-0; 
(xiii) ( - 5) -< ( - 6) ; 


values of ; 

(ii) (-7)+(-3); 

(V) (-6) -(-6); 
(viii) 0-(-f2) ; 

(xi) (-1-2) -(-3); 
(xiv) ( -1- 4) -I- 0 ; 


(iii) (-f2)-(-l-4); 
(vi) (-9)-K-f9); 
(ix) (-2) -(-1-2); 
(xii) ( -6) -(-6); 
(xv) 0 -f ( -4). 


Simplify /the following : 

10. (-i-5«)-l-(-t). 11. ( -3c)-i-( Vc). 

13. (-i-2p)-i-(-8p). 14. (+r)-t-(-r). 

16. (-2®) -(-!■*). n. {+z)-(+2z). 

19. 0 - ( -h 2«). 20. ( - 3a:) - ( - 3a:), 

c- 22. (-6*) - (-1-6*). 23. (-1-20*) -( -26*). 
‘25. 0 - 60-1-30. 26. 26 - 56 -t 36. ' 


12. { -2e)-t-( -4«), 
15. (-l-5s). ( -2s), 
18. (-41) -(-70, 
21. 0-(-3r). 

24. {-3pq)+{ -^). 
27. 3c -5c -4c. 


ii. What is (i) the term o'l degree 2, (ii) the coefficient of x, 

(iii) the constant term,' in the following expressions : 

(a) 3a;* - 7a; - 2 ; (6) 2a;* - 5a;* - a? + 4 ; (c) a;* - a;® + ^a; - 1 ? 

29. What is (i) the term of higibest deg[][*ee^ (ii) the coefficient^ ol 
«*, (iii) the constant term, in the following Expressions : 

(a) 10a; -a;* -2a;* -3 ; (b) 6 +2a;i* -a;* + 12a; ? 

30. Arrange in descending powers of x, 

(a) 6a;-2-a;» + 6a:*; (6) 5 - 2a;* + 10a? -a;*. 
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Multiplication and Division • 

The temperature of the water in a boiler is being raised at a 
steady fate of 6° C. per hour throughout the day. If fve ^gajd 
mid-day as zero hour, the temperature at n o’clock* is ( -t-5°) xn 
above that at mid-day, (zero hour). 

Here, n fe a directed nujnber : thus at 2 p.m., n =( -f 2) and at 
9 a.m., n =( - 3). 

At 2 p.m., tl^e temperature is* evidently KT above that at 

mid-day ; ^ i 

( +5) x( -f 2) =( 10). 

And at 9 a.m., the temperature is evidently 15° tcZda^^that at 
mid-day ; 

... (+5)x(-3)=(-15). 

Next, suppose that the temjoerature of the water in the boiler 
IS falling at a steady rate of 5° C. per hoi^r throughout the day, 
Then the rise per hour is ( - 6^) ; the toinperaturo at n o’clock 
4S ( -5°) xn above that at mid-day, (z^ro hour). 

At 2 p.m., the temperature is evidently 10° below thsit at 
mid-day ; 

/. (-5)x(+2)=(-10). 

And at 9 a.m., the temperature is evidently l5\above that at 
mid-day ; 

. /. (-5)x(-3)=(+15). % • 

This argument can be applied to any directed numT>ers ; we 
thereforeemake tlte following rule of signs ; 

( +a) x( -i-b)=( -fab)=ab ; ( - a) x ( - b) =^( -l-ab) =ab. 

( + a) x( - b)=( -ab)= -ab ; ( - a) x{ +b) =( -ab) = -ab. 
where, for 'simplicity, we^writo ah for -\-ab. 

Oral Example, The temperature at mid-day is 60° C. Wliat 
are the temperatures at 8 a.m. and,at 6 p.m. if the temperature 
(i) is rising, (ii) is falling, at a steady rate of 3° C. per hour ? 

• 

, Division ^ 

Since ,(+5) x(+.2)=( + 10), { + 10)-=-( +2)=( +6). 

Since ( +6) x( -?)=(- 10), ( - 10)^{ -2)i=( +5^. 

Since (-5) x(+2)=(-10),* ( - 10) -r( +2) =( -5). 

Since • (-6)x(-2)=( + 10), /. ( + 10)-r( -2) =( -«)• 

* - • • 



106 A NEW ALGEBRA [oh^ 

We therefore makO the following rul^ of ^gns : 

(+a)^(+b)=( + J) = J; (-a)-(-b)=( + J)=J. 

(+a).^(_b)=(-j)= (_a)^(+b)=(-J)=- 

provided that b is not zero. 

Further, if any number is miiltiplieci by 0, the product is 0. 
Also, if 0 is di\ idoJ by any number which is.itsrilf not zero, the 
quotioirt is O' ; but we shall nove^ speak of divpling a number by 0. 

The riilas of sign given above may bo stated as follows : 

In multiplication and division of one directed number by 
another, like signs give a positive sign, and unlike signs give a 
negative sign. 


Square Boots 

From the rule of signs, we see th»^ 

( 4 -a) X ( -j-a) =■( and ( ~a) x ( - a) =( f 

This shows that a positive number, a®, has two square roots,, 
/ +a) and ( - a) ; these are usually written in the form, ±a. The 
symbol V( or is used to represent the poaitive squarf^ 
root. •» 

For example, if x“ = 9, then a; = ±3 ; but V9 — 3. 

There is; fio square root of a negative number. 


EXERCISE VII. c 

1. A retired tradesman finds that his bank balance is being 
diminished at the steady rate of £60 a year. At present he has 
^‘£300 in the bank. At the end of n years his balance will bo £B. 
Prove that B = ( +- 300) -f ( - 60) x n. ^ 

*.(i) What was his balance 2 years ago, and what will it be in 

3 yeara’ time ? 

(ii) What is B when n = -f- 3, - 3, +6, + 7 ? Interpret the 

answers. 

(iii) WlAt is n when B — + 60, + 426; 60 ? Interpret 

answers. 

2. mart pays into a bank £10 on the iast day of each month, 
On June 1st, he has £90 in the bank. Take this as zero date and 
measure the time in months. How would you represent Sept. 1, 
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April Jt in the same year ? Represent directed numbers* 
without simplifying, his balance on Sept. 1 and Apnl 1, in the 
same year, if he draws nothing out of the bank ? 

What are the values of ( + 10) x ( + 5) and ( + 10) x ( »- 4) ? 

3. Repeat No. 2, supposing that the man draw^ £10 out* of 
the bank on the^ last day of each month, instead of pa-ying it in ? 

What are the values of { - 10) x ( + 5) and ( - 10) x ( - 4) ? 

4. Fig. 120 represents a car travelling northwards and passing 
A at midnight, ^oro hour. Represent by directed numbers the 
distance the car is north of A at 6»minutes past*zoro houc and at 
8 minutes before zelo hour. AftBrwardSf simplify th^ expressions. 

— - ffiile per minute ^ 

■ K North • 

A 

Fiq. 120. 


5. Suppose that in No. 4, the car is travelling ^ mi. per min. 
southwards ; how can you represent ita velocity northwards ? 
Represent bv directed numbers the distance the car is north of A 
at 10 minutes past zero hour and at 4 minutes before zero hour. 
Then simplify the expressions. 

6. A farmer says that he loses £100 every year. •At the 

present moment his capital is £4500. Find a formula for his 
capital in n years’ time. What is the meaning and the result if 
for n we write (i) + 3, (ii) - 4 ? , 

7. Repeat No. 6, supposing that the farmer is really gaining 

£100 every ydar. ^ • 

8. A train is tra veiling eastwarcL% at V feet per sec., see Fig. 121 5 

• • 

^ V ft per see. ^ 

>• East 

A • 

Fig. 121. 


at a time t seconds afte» passing A it is 5 feet east of A 
that s='i7i. Evaluate s and interpret the data and 
results, if * ^ 

(i) t)= +60, «= +10; (ii) t> = + 50, - 10 ; ^ 

(iii) =^- 50, t = + 10 ; (iv) v = - 50, « = - 10. 


show 

L 


♦ 9. A man looking oaf of a top-storey window A 
sees a stoi^ pass the window moving vertically up- 
wards, see Fig. 122; £ seconds after passing A, th^ 
Btone is 5 ft. above A, where t =«( +24) - 16). 
Evahiate s and interpret the data if t equals (i) - J ; 
hi)0; (iif) +J; (iv) +1^ (v) +a ; (vi) +2. 




a 


FIG. 122. 



108 


A NEW AEGEBRA 


(oa. 


' EXERCISE VII. d 

What are the values of : 


^ 1. (-2)x(+3). 
4. (+6)x(+l). 
7. (+6)^(-2). 
10; (-6)H-(-6). 
13. (-3)*. 

16. ( -4).x2. 


19. 


(^6) 


(■rt-?) ’ 

22. {+2t){-t). 

25. ( -4a»)(+2). 

28. ( -66*)-^(+26). 
30. ( + lOp*) - Oyj'. 
32. (+5s»)^(-l). 

34. (+6a6)-f( -a6). 
36. (.-6c»)x(-62c). 
38. 0 x( -2*3/). 

40. (+pg)H-PQ)- 


2. (-3)x(-4). 

5 (_3)x(+6). 
8. (-12) -(-4). 
11. (-6)^( + l^. 
14. ( - 1)». 

17. 0x(-5). 

(^) 

(■- 1 )‘ 

23. ( - 3r)( - 2r). 
26. (-*2/){-l). 


20 . 


3. {+6)x{-2). 

6. (-2)x(-l). 

9. (*-8) -^(+2). 

12. (+8)-i-{-.). 

15. ^/-3H-4)H-(-6). 
0-;-3)i 

(+12 

(-!)• 

( — a)i +3*). 
(+Zy){-2z). 


21 . 

24. 

27. 


41. 


29. (-12c2)-i-(-3c). 

31. (-12a:i/)-^(-4). 

33. ( 

35. ( ~4:c»)-r(2a?»). 

37. (-3a)x(36c). 

39. 0~(-2a:*). 

(-r)(+r). 42. ( -at). 


If a=( +2), 6 = ( -4), p—{ + 1), q = {- 1), r = 0, find the values 
of the Tolle .ving : 

43. Of 4"^. 


47. p -g. 
51. 3g -p, 
55. ab. 

59. 62. 



o 


44. a-b. 
48. p + b. 
52. 26 -r. 
5C. pq. 

60. 



4^. p+q. 
49. r-g. 
53. 3u 26. 


57. 6r. 
61. 2bq, 



46. 2a +6. 
50. 2g>6. 
54. 2{p-by 
58. hpq, 

62. 3ar. 

66 . 

o 


BracL:ets 

The object’ of using brackets in such cases as (4S>, (-4), is 
to distingifish between the positive nuniber.j* pliK three ” and^e 
order “ add three ” or between njp^tive number “ minus 
four and the order ** subtraots.i^llii^y*^^ simplicity, we write 
these numbers as 3, -4, if it is^nmcessary to emphasise the 
distinction. 
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Brackets are also used to bind directed nimibers together and 
may be removed by precisely the same rules as are used for 
signless numbers, pp. 81, 83. , . 

« 

Example 1. Write more shortly : 

(i) 4-(-^2a);(ii) -3(+26); (iii) +(-2)(-3c). 

(i) +( -•2a)*means “ a4d the number ( -2a) ” ; this haa the 

same result as “ subtract ( H-2a) ” ; we write it -2a. 

(ii) -3(+26)V _(+66)= -6b. , . 

(iii) J-( -2)( -3c)^ +( +6c)=6*. 

Example 2. Simplify ( +Sa) - 4{( - 26) - ( + 3c)}. 

The expression = ( + 3a) - 4( - 26) + 4( + 3c) 

= ( +3a) - ( -86) + ( + 12c) =3a + 8b + 12c. 

Example 3. Simplify 2x{x +y) - Sy{x - 2y). 

The expression = (2x* + 2xy) - (3xy - 6y^) 

=:2x^ +2xy -3xy-h6y^ = 2x^ -xy + 6y*. 

Example 4. Simplify ( - 6a®6) -r( - itib^), 

- 6a^6 _ 6a^6 _ 2a6 x 3a 3a 

- 4a6* “ 4ab^ ” 2a6 x 26 ” 2b ’ 


Example 5. Fill in the blanks in : 

(i)a-6=-( ); (ii) 

(i) a - 6= - { -o) - ^ + 6)= - ( - a+6) = -(6 ■ 
(i^ 6 -a_,-(6 -a)_ j-6j^_*o_-6 


6 -g 
c - d‘ 


X 

o)! 


c - d -(c-d) -c + d d-c* ^ 

Note, It is customary to arrange an expression so that it 
starts with a positive sign, thus we write 6 - o rather than - a + 6. 


EXERCISE VII. e 


Write more shortly : ♦ 

1. +2(-5a.). 2. +3(+46). -S. +(-2c). 

4. -(-^). 5. (-4)(+2e). 6. -(+S)(-3a?). 


7. -3(+5i/). 8. M-4}(-2z). 

T * '4 * . 

Simplify tjie followiak : ^ 


9. ( +4p) +( -3g) -( 

13. ar-3t(-*)-( -?<)}. 14. 3* +2{(+3y) -(-*)). 
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15. 2(6-c) -3(6+c). W. ^p+^)+6(jt>-g). 

17. 2x -y - (x-^y). 18. 2c - (c - d) - 3d. 

^9. - 5\n + 3(j3 -n). 20. 0~2(c-a). 

21. - ( 2 / - 2 ) - (z -a;) - 0. 22. a(6 -c) -c(6 -a). 

23. 2(1 -a*) - 3a;(l -ar). 24. -x(x -y) ^y{y -go)» 

' c 

25. 3x* - 5* -2(1 -a: +**). 26. (3o -26 -c) - (a -5 +c). 

27. (p -sK - -3(9 -p). 28. (y^-‘iy - 2j( -j/). 

f 

Copy and complete the following : 

29. 2&-66=(+2)[ }=(-2){ }. 

30. -p + 39=(-1){ }=+{ }. 

31. r + s= -( ). 32. x-y-«=x-( ). 

33. p -4^ + 4r=::p -4( ). 34. 6 + 3c-3d=6 + 3( ). 



). 


, Simplify the following : 


^7, 

2/*-( -yf- 

48. 

(a=b®)-(-6). 

49 

(2c)* -(-c)' 

50. 

c* 

S 

00 

1 

51. 

(-2pg)=... 

52. 

86>4-( -45) 

53. 

(-2ty. 

54. 

(-^(- 206 ). 

55. 

« 

w 

©' 

56. 

3yz 

57. 

-p2 

58. 

“6 

tf-y* . 


-pq‘ 

o 

u 

6 c * 

59. 

a-b 

60. 

a 4-6 
-a - 6 ’ 

61. 

« 

5L^ 

1 1 
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62. What can you aibout x if (i) = (ii) 

63. Solve the equation, 2y^ - 1 =49. 

39 

64. ,What con you say about n if w = — ? 

65. If xy =48 and y = 3x, find x and y. 

[iVo^e. For •additional drill-examples, see Ex, E,P. 10, \l, 12, 
pp. 141-143.] 

In the previous examples, braqWbts have been uset^for perform-^ 
ing addition, subtraction, multiplication and division. Tbrt 
working may, however, be arranged as in Arithmetic.^ n 


Example 6. Add 3// - x ~5z tn 3x - 3y +z. 

Arrange the terms of the two expressions in similar orders. 

-x-h3y- 5z , 

3.'4? — 3y -r z 
2x - 4z. 




Example 7. Subtract 3y - x -oz from 3x - 3i/ + 2 . 

If we use brackets, we write 

(3a? -3y '^z) -{3y - x - bz) ^3x ~3y -\-z -3y 4-X + 52 

• =4x-6y + 6z % • 

« • 

Tliis shows th^t if the expressions are set down as in Arithmetic, 
the resiTlt is obtained by changing the sign of each term in the 
lOwer line (mentally) and then adding 

3a; - 3y+ z 
• - ^ - 52 

4x - 6y + 6z 

Note. This mechanical method *of subtraction is used in *the 
solution of simultaneous equations by “ addition and subtraction ” 
[see p. 1^), also in long division. Considerable drili is necessary if 
it is desired to make the pro(!ess automatic. 

• • • 

Example 8. Divide 12a®5 - Qa^b^ + 18a6® by - 6ab* 

-Bob ) 12a»6*6a«&« + 18o6» * • 

• -2a* + ab - 3b* 
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Add: ^ 

1. 3a -6 and 36 - a. 
f 3. 2cP - 1 and - d*. 

5. ^ -r and ^ +r -p. 

7* 1 - (a; + 2/) and (a:- 1) 
9/ 2r(r -s) and 85(5 -r). 
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EXEECISB Vlt. f t 


(OBi 


2. c - 7 - c* and 3 - c + c*. 

4. 2r -i- 3s -t and 2« - r - 1,. 

6. c - 3a + 26 and b - a -3c, 

8. 06 - o® + 6® an& a(a + 6). 

10. 2(3i*-l -i®) and -3(2«-l*). 



36 -2c -dfC - 3d - h, 2d -3c. 

3^ - 2hi - n, 3m -2n - I, 3n-2l- m, 

r* 

-X - yt -y-Zt -z-Xy -x - y - z, 
V-x- 3a;®, 2a; - 6 - a;®, 2a;® - a; + 2. 



Subtract : 

15. 2a +6 from 3a + 36. 
a;® + 2/® from a;® - 
ri^ 2t from 1 + i. 

21. a -6 +c from 6 +c -a. 
23. 3r + 2/+ 1 from4x-i/- 1 
25. 3a;® - 5a; - 6 from a;®. 

27. 1 -i-tZ -d® from 0. 


16. 2c - d from 2d -c. 

18. r® - 1 from 2r®. 

20. 3a from a - 6. 

22. 2p - 3q-r from q -p +r. 
24. 2c - d - e from d - 2c. 

26. 3(2^-l) from 4(3-<). 

28. 2r -s -t from - 3^ - bt. 


Multiply : 

25 ,. ic+vby -2. 31^. 6-cby -a. 31. « - 1 by 

^ 32.) r - 25 by - 35 . 33i 2c - 3c® by 0. 34. 3y - 2 /® by • h 


Divide : t 

a® - a6 by - a, 
37. a; - 2/ by - 1, 

5* +5® by -5®- 


36. p® +pq by -p. 
38. 6r® - 4r® by - 2r. 


41 . 0® - a6 + 2ac by 

c 

-a. 


6a;® - 8a;®2/ - 

4a;2/® by - 2x, 

Subtract : 

(i)< 

ft 

(ii) 

• 

(iii) 

(iv) 

43. 4a; +2/ 

bx - 3y 


7a; + 4ty 

bx - Ay 

6, 4- St/ 

3x + 2y 


ik-Cy 

4a; - 52/ , . 

44.C ^ . 66 

6a + 26 


4a -t-6 

5a-36 

a -26 

3a -26 


0 + 46 

a+6 

1 Mwm > 
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45. 

^3c H“ 2d 

%e^m 

c-3d' 

4c+3a 


c + 2d 

5c “6d 

4c-3d 

ec'-sd 

46. 

2p 


p-q 

3p4 2^ 


3 p -q 

p+tq 




(47/ 2x l,»from x + 2y -1. 48. a; + 2 / + 6 from 3a; - 2i/ + 4 

3a - 46 - 3 from a + 46 4- 1 - 50. 2a + 6 - 4 from a - 36 ~ 3. 

51. c 4- 3rf + 2 iSom c - d - £\^. 5 -2c -d f»om 3 - c - 2d. 

• 4 

Directed Numbers 4 q Problems and Equations 
Example 9. Solve the equation 1 -2Jp = 7. 

l-2Jp = 7; -2i/) = 7-l=6. 

Multiply each side by - 2. 

A -^x(-2)--.6x(-2); 


12 „ . 

•• ?>=- 5 -=- 2 - 4 . 

Example 10. Two express trains A and B travelling at 42 miles 
an hour and 54 miles an hour respectively are boyi proceeding 
due East. When A is 15 iniles east of a town T, B is 21 miles east 
of T. How fai'frorn T is the place P where B passed '• 


■j" X miles p 


A 

~ 21 miles 

FIQ. 123. 


Let P be a; miles east olf T. 

Represent the datk on a figure. 

A travels (15 -a;) miles beyond in the same time that^B- 
travels (21 ~x) miles beyond P, 4)ecause they pass P at the same 

• 15-a; 

A, travelling at 42 m.p.b*, goes (15 - a;) miles in hours; 

* 21 —X 

B. travelling at 54 m.p.h., goes (21 -x) miles in how; 

15 ~-x^2l -X 
42 “~64~’ 

I>.8.A. ^ K 



§24^ ^ jfcKt 

L.C.M. of 42 and‘54 is 6 x7 x9; .*♦ 9(ip ^x) =^7(2l -x) ; 
135-«a;=:l47-7.r; /. -.2a? = 12; 

. f .*. 2a; =-12; /. a;= -6. 

< .*. P is ( - 6) miles east of T. 

This means that B passed A at a place P, Q*milea west of T, 
assn^aing that neither express train stopped at T. • c 


r ^ ^ EXEiWISE VII. g • ^ 

1. TJhe present ages of A and B are 21 and $5 ; in n years’ timop 
B will be twice as okl aa A. Find n anc? interpret the answer. 

C Q 

2. Two large kettles are being heated, A on a gas stove and 
B on a primus ; at X minutes past eleven, the temperatures in 
degrees Centigrade of A and B are 30 + 2t and 48 + 5/. At what 
time is the water at the same temperature in the two kettles ? 
Each kettle was filled with water at 14*^ C. ? At what times 
were the kettles put ofi the stoves ? 

3. Can you find six consecutive odd numbers w'hoso sum is 12 ? 

4. What nmnber must be added to both numerator and 
denominator of the fraction .V^, so that the result is equal to ? 

5. The heights of A and 6 above seadevel are a feet aoid b feet 
and tlia height of A above C is equal to the height of C above 6* 
Find the height of C. Interpret tlio answer when (i)a = 100, 
6 = - ^00 ;^rii) o =50, b = - 50. 

6. If Centigrade is the same te’lnaperature as F° Fahrenheit, 
C=J(F-32). Express 0° «Fahreaiheit in CVjntigrade. What 
temperature is r^raeented by the same number on the tvi o scales ? 

7. Two cars P, Q are travelling in the same direction along a 
road at u and v miles per hour respectively. At noon, Q is 
8 rnilos ahead of P. At what time will P pass Q ? What does 
your answer become if u = 20, v = 24, ^ = 2i and what does it mean 7 



Ifiu A-|A=ft 
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16. 15 years ago a ffithei^was three times the age of his son and 

19 years ago he was four times the age of his son. Bfcw old are 
t.hey now ? In how many years’ time will ho be twice his son’s 
age ? * . 

17. The marks obtained in an examination ran from 24 to 64 v 
tJiese were then scaled so as to run from 0 to 100. What was the 
scaled mark corresponding to n marks for the paper ? A boy, 
who did the i^aper afterwards, obtained 16 marks for it, .what 
would his mark become according to the same scale ? 

18. A small b^dy P of weight W lb. is just displaced from the 
highest, point A of .| fixed sphere, whose diameter AB is* d feet. 
In Fig. 124, AN represents the vertical distance P has fallem When 


A 
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AN -h feet, it can be prov’^ed that the pressure of the sphere 

W • 

on the body outwards from the centre O Ib.-wt. 


Evaluate this When P is level Muth O and interpret thi^resiflt. 

Find the depth of P beltfw A when it leaves the surftkce of the 
sphere. 



t 


f c 

( 

CHAPTER Vm 

f 

SIMPLE EQUATIONS AND PROBLEMS 


Ik the following example^ the steps enclosed in square brackets 
can be omitted as soon as the process is understood. 

Example 1. Solve the equation 


1 


1 - 




3 


^ -10 
. 4 ‘ 


[The ti.C.M. of 6, 3, 4 is 12.] Multiply each side by 12. 

/. 12-2(< + 5)=4(2i + 7)-3(f-10); 

[.*, 12-(2^ + 10)=8f + 28-(3«-30)] 
12-2f~10 = 8«+28-3f + 30; 

2-2f--5« + 58; -2e-5«=58~2; 

-7t=56. 


Multiply each side by -1, 7^= -56. 

« = - 8. 

Check : It t-. - 8, 

left side = l -J( -8+5) = l - J( - 3) = 1 = 1 J. 

9-18 

_ 


. _ . , -16 + 7 -8-10 -9 

ngkt side = ^ 


4 — 3 4 3+4J — IJ. 

if f = - 8, left side — right side. 


• EXERCISE VIII a 


Solve the following equations : 
^ 1. 5(a;-2)-3(a;-l)= -1. 

5. p + l=2(p-3)-3(p-l\ 
5. 26-(l -26)=5-3(l+6). 
7. 0=:2(rM l)-5(n-5). 

9. 4r-jKr+4)=41. 

n. 2£^=3 + 1^. 

5 4 

r 

13. 3{2a-5)-5(4-a) = ia+7. 


2 . 


4. 


6 . 

8 . 


10 . 


12 . 


14. 


3(6-a)-4(a + 8):^-0. 
2(2/-!)- 3(3 +2/) -5 +2/. 
4-4(ifc-5)=2(2-A:)-6. 
4(®-l)-3(a;-2)=4-5a;. 
i(^-l)-I(3-z)=2. 

2«-l l+« , 

±- L-1 

2y'3y 5' 
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15. 

i(4R + l)-i(2r*3R)*=:J(26- 

R). 

• 

9 

16. 

5 1 3 

17. 

1 -V 

3+v 9+1^ 


2 ^ 

“■* 4 • 

18. 

H4a;-3)-J(6a;-3) = l. 



• 

# 

19. 

c-l-i(c.-2) + i(c-3)=r0. 

20. 

p + 1 

2 ^ 3 * 

21. 


22. 

2y-I 

3^y + 1 _ 2 

*Mi \ u' 

5 

2” “5* 

23. 

1 

il 

1 

m 

• 

• 

24. 

— + 
2 ^ 


25. 

h h - - A 40 • 

3 4 5 

26. 

l(2a- 

l)+12=i\- 

27. 

2.V-1 4,v + l •12-3./_. 

'3 5 4 ~ 

28. 

3/. + 4 
5 

72-3 2-16 

2 " 4" • 

29. 

©•6X3:r.0-72. 

30. 

l-Si/- 

-0-63. 

31. 

l-2x-0-5a:=L4-2. 

32. 

1-4/ + 

0-62-0-7. 

33. 

0-3(6-m)-0-4(w+8)*-0. 

34. 

iix-^ 

l-7)-J(a--2-3) = l. 

35. 

l-4(a-3) -0-4(2a-l)=-- -0 

•2.* 



36. 

J(l+-2</)-i(2--3j/)=0-19. 



• 

37. 

0 01(p -5) =0-24(3 -p). 

38. 

0-5 ^ 

2'-+1 = 13. 

0-76 


39. n(2n - 1) - 3(5 +n) =--2n^ 4- 1. 

40. - r(6 -r) =6 -2r{ 1 -r). 


43. 2t(«-n) ’aiq-n) . 


42. 


44. 


3z-l l+z^ 

6 “2 4 

2/ + 5 


[JVo/e. For additional drill -examphs, see Essercise E,P, 13, jo. 144.] 


Formulae and Equations ^ 

Example 2. If a man is photogiy^phed, when standing u in^he^ 
from the lens of a camera, foca^ length / iqches, the plate should be 

V inches Arom the lens, where — + . • 

u V J 

•Find the distance ®f Idle plate from a lens of focal length 4} in.« 
if the man is 6 feet from the lens. 

Here, * / = 4 J ^nd w = 6 x 12. • 


"72'‘‘S'’4|“9’ 
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Either, piultiply each side by 72t>, ' • 

then v + 72=16v; /. 16v = 72; 

72 

•t.=;^=4.8. 

1_2 

72“ 72 “72’ 
72 

• «=^= 4 . 8 . 


C<m 


Or, 


ti^e distarvde of the plate' from the lens is 4*8 inches. 


^ EXERCISE Vin. b 

1. The area of a triangle is given by the formula, A = JA . 6 ; 
find & if A = 6 1 and h = 

2. The area of a trapezium is given by the formula, A = J/i (a + 6) 
find 6 if A =5*4, a = 1*7, /t=3*6. 

3. If A exceeds P by R per cenb., then A = P f 1 4- ; find 

Rif P= 96, A = 120. 


4. If F® Fahrenheit is the same temperature os Centigrade, 

then F =32 ; find C if F =S. 

o 

5. The pressure p gm. per »q. cm., the volume v cu. cm., and 
the temperature t degrees Centi^ade of a certain mass of gas are 

connected by the formula =9*6. Find f if pi = 16, i; = 180. 

6. A test made on a diffeiential wheel and ixle showed that 
a load of W kg. could be raised by an effort of P kg., where 
p =0*07 5W +0*06, What load could be raised by an effort 
of 2 kg. ? 

7. If the velocity of a body, sliding 
downhill, increases steadily from u ft. per 
sec. to V ft. per sec., in t seconds, the 
dia^yance, s feet, it moves in ,^hat time is 

given by s = — . i. * 

Find V if 5 = 84, w = 9, i = 3i 

8. If an object A, see Fig. 125, is viewbrl 
from E through a transparent plate of 
thickness, t inches, and refractive index fi , , 
it apx>4ars td be at 8, which is i inches nearer the plate than it 

really is, where d~t . - Find /i if d =0*26 when t=0*8* 
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9. If the periraetqf of % mrta ot d in. 



a in. 

Fra. ne. 


is p in., see Fig. 126, then p =d + ^nd, where n may be tak'en aa 
; find d if p ^4*5. 

10. After an examination the xfiarks are scaled gm^ tliai a boy 
who obtained n mJIrks for the pajier receives N markg, where 

100== 72~= n • 


11. The velocity-ratio of a difierential pulle>" system, see 
2R 

Fig. 127, is n where R ^ being the 

radii of the grooves in the pulley. Find R if n = 18 
and r - 2|. • 

12 The area of the total surface of a solid circular 
cylinder of height h in. and baso-rathus r in. is A sq. 
in., where A =2:rrr(r 4- h) and n may be taken as If 
A =5-5 and r = 0*2, find h. 


13. If a bath can be filled by one tap in p minutes 
and by another tap in q minutes, it can be filled by 

both taps together in t minutes, where i ~ . Ffnd 
pif t=4:i an^q = ll ^ P 9 ^ 

ti 

14. From the formula ^ = 2 [2a + (n-l)d] for the fum ol an 
aritlimetical profession, find d if a = 9, n = 16, 5=48. 


FiG. 127. 


15. If ^ - 1 is twice as large as ^ - 4, find the value of each. 

16. If + — what is the value of y* ? What 

can you say about the value of 2 / ? 


Fr^lems 

Wlien 8§lving a problem, 

(i) If possible, zzuke a aougb diagram and shorn ttie data on it 
fii) Choose a letW for some unknown niunber the problem 
involves, and state pre^sely what this letter represents. ^ 

(ill) Re-write the question, usulg the letter you have chosen for 
the iUDdciio#n to make the statement of the problem more detailed 


CL 
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When dishing thei answer to a problem, , 

Use the actual data of the problem. It is not sufficient to cnecS 
Dy substituting in the equation, because your equation may be 
wrong. 

Example 3. I walk at miles an hour from my house to a 
town, by a path through the fields. After waiting 20 minutes, I 
return in a bus travelling at lOJ miles an hour. If the road adds 
another mile to the journey and if the total time taken is 2 hours, 
find the’ distance by road from my house to t)ie town. 





no. 128 . 


Let the distance by road from my house to the town be x miles* 
Then the distance by the path is (x - 1) miles. 

[Mark the facts on the diagram and re-write the question,] 

I walk {x - L) miles at 3J miles an hour from H to T, wait for 
^ hour at T, and ride back x miles at 101 miles per hour ; the total 
time is 2 lioCirs. ' 

iC “ 1 

the journey from H to Tjtakes hours. ^ 
and the journey back takes hours ; 

•• 3i '^3'^lOi . 

Pa: - l_2(ic - l)_2(ar - 1) x _ 2x _2x~] 

L 3i “ 2ir'3i"“ ' 10J“2 X 10i“2lJ' 

. .2(a;-l) 4 2a:__^ 

7 ■^3^21 

Multiply each side by 21, .‘. 6(a; - 1^ + 7 + 2a? = 42. 

6a? - 6 + 7 -f 2a? = 42 ; 8u?=41 ; ^ 

X=rg- = 5J. 

t 

/. the distance by road, from the house to the town is mileSi 
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Check.: The distance by path is 4^ milra. ( 

33 2 

To walk 4| mi. at 3J m.p.h. takes hoiirs=-g-x^ hrs. 


3^ . ■ 
41 2 


To ride 111 ^. at lOJ m.p.h. taVes 5|-rlOJ hours =-g' x^y^hrs, 


Totartime=^||+ hours = 


99+28+41 

84 


= ^2 hours. 

. ^84 . 

hours = 2 haurs. 

• • 


EXERCISE VIII. c 

1. Find a value of n for which the fraction 
reduces to I . 

2. Fig. 129 represents a cyclist riding ft'oin A to B and back 
again ; the double journey taKes 5 hours. Find x. 


Ah 


8 m.p.h. 


X miles 
12 m.p.h."^ 
FIO. 129. 


B 






3. Fig. 130 gives the lengths of three sides of a rectangle in 
Inches. Find rflimerical expressions for the length of ihe rourth 
side and the perimeter. • 

• V-r+J 


dr-r 


2X+/3, 

FlQ. 130. *10. 131. . 


rn 


4. A kettle of water is placed on a stove ; after t minutes, itie 
temperature is (16+6i) degrees Centigradg. How long does it 
take to boil ? ^ 

What was the temperature at the beginning ? 

3^. A piece of wire %0 Inches long is cut into two pieces, one 
of which is bent into a circle and the other forms the square 
enclosing it, see Fig. 134. What is the diameter of the .cirae t 
Take 

6. If N -P{40 per cent, of jSI) equals 84, find N. 
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7. A iTian rows itpstream mt 2 zmtes an boor and bac|c ta the 
same place at 5 miles an hour ; he takes 48 minutes altogether. 
How far t^stream did he go ? 

^ 8. Fi^f. 132 represents a cyclist leaving A at the same moment 
as a pedestrian leaves B. How far from A do they meet ? 





c Fia. 182. * ^ 

a * 

8. liver flows at 3 miles an horur. WliaC is the speed through 
the water of a boat that can go d<^wnstream twice as fast as 
upstredm* ? 

10. If C® Centigrade represents the same temperature as F® 
Fahrenheit, C=5(F-32). What is the temperature which is 
recorded by a number twice as large on the Fahrenheit scale as 
on the Centigrade scale ? 

1I« Fig. 133 gives the lengths of the sides of a triangle in inches. 
If the triangle is isosceles, find its perimeter. 

12. A table is marked at £P, but there is a discount of 3d. in 
the shilling for cash ; the cash price is £12. AVhat is P ? 



< FlO. 133. ^ FW. 184. 


13. Fig. 134 represents a* rectangular enclosure; pP = i:CB; 
CQ = iCD ; the path ABP is 12 yards longer tiian ADQ. Find the 
length of BC. 

14. At a fair, a bdv receives 8d. for a hit and pays 3d. for a miss ; 
24 shots cost him 0a. ; how many hits did he score ? 

15. The rise ” AB, R inches, and the *“ tread ” BC, T inches, of 



Fic. 188. 

** * c « 

a staircaee, see Fig. 1 35, are connected by the formula R ) (24 -T). 
What is the rine, if it equals five-sixths of the tread T 

10. A‘ rectangle is I feet long ; its perimeter is 5 feet ; what ia 
its breadth 7 Another rectangle is twice as long and liadf aa 
broad as the first, and its pesimeier » 7 feet. Find f. 

. * ^ * 
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17. F-ind a number feuoh that if you add 7 and dividb tiie sum 
by 5 you will TOt the same answer as if you had subtracted 1 aud 
then divided hy 3. 

• • 

18. A boy counts 2 marks for each sum he gets right and 
( *1) mark for each he gets wrong. He does 18 sums Vmd obtains 
15 marks. How.many sums did he get right ? 

19. In a lacls}iy, the me^ get 7s. 6d. a day each and the women 

get 6s. a day each ; 200 people are employed and the wages amount 
to £69 a day. How many men are tnere ? ^ 

20. A messenger gpea on an e^and at 4 miles ojf hour ; 2o 
minuted later, a boylbicycles after him at 12 miles an houi ; how 
far must he go to overtake the messenger ? 

21. If n half-crowns and (2n - 1) florins make up three guineas, 
what is n ? 

22. My train starts in 12 minutes, and the station is 1 mile away. 

I walk at 4 miles an hour and run at 8 miles an hour. How far 
must I run ? 

23. Use Fig. 136 to find tw 9 consecutive Vhole numbers whose 
squares differ by 37. 

24. Find v, if v miles an hour is the dune - ‘ 

speed as (v -f feet per second. * ^ 

25. If I walk to the station at 4 m.p.h. to 
catch a train, 1 shall have 3 minutes to spare ; 
but if I walk at 3 m.p.h., 1 shall miss the 
train by 1 minute. How far off is the station 7 j 

26. A man biiiys 800 bulbs for two guineas, | 
some of them at 25 for a Bkilling and the 
rest at 6s. a hundred ; how raan^Y were 
there of the more ^pensive kind ? 

27. Fig. 133 gives the lengths of the sides of a tAangle in incher 
What is the l^uit tx>e»ibie value of a; f [In^ any triangle ABC, 
AB + BC > AC]. What is the greatest possible value of x ? 

28. I pay no tax on tho first £135 of my income, I pay a tax of 

2s. in the £ on the next £225, and a tax of 43. in the £ on the rest^ 
My income after the tax is deducted is £577 10s. What is my 
gross income ? * 

29. 5 lb. of tea at a certain price is mixed with 4 lb. of tea 
costing 9d.0per lb. more. The average price of th5 mixture is 
2s. 7 d. per lb. Find the price of tho cheaper kind. 

301 A man buys onelot^of eggs at Is. 6d. a dozen and a second 
lot, which i^ 3 dozen more than the first lot, at 2s. a dozen ; he 
sells them all at 2s. 6d. a dozen and j;nakes 15s. profit. Ho^ ffiany 
eggs did he buy altogether ? 
o 

CA^ofe. For addUtonal exatjf^ples^ see Apptndix., Ex* 8. 7, p.^201 •] 







'M 

• 


• • 

s 
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1 ' 

Transformation of Formulae 

Most formulae are given or remembered in some standard form. 
3ut for the purposes of a particular problem it is often a con- 
venience to have the appropriate formula expressed differently. 


Example 4. If the simple interest on £P, lent for T years, at 
R p6r cent, per annum, is £1, find the formula for I. 

The interest on £100 for 1 year is £R. 

/. the iiiterest on £P for 1 x'-ear is £ x . 

/. th^ interest on £P for T years is £ ^R x x . 

. .. «PRT . rFRT 
.. .. 1 Yoi) 

I is called the subject of this formula. 

Now, suppose the problem is expressed in a different form, as 
follows : 


Example 5. If the simple interest on £P, lent for T years, is £li> 
find the formula for the rate per cent, per amium, R. 

Here, we require a formula for R in terms of P, T, I. 

PRT 

100 

Multiply e€wh side by 100, PRT — 100 I. 

Divide each side by PT, R • 

This is a formula, whose subject is R. It^has been obtained 
from the simpl's-interest formula, expressed with I as subject, by 
using precisely the same methods as are employed in solving equations. 

The process is called changing the subject of the formula. 


EXERCISE VIII. d 

1. What relation conna^.ts x and y in Fig. 137 ? Make (i) y, 



Fig. 137. 


(ii) X subject of the fonnuku 
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2. What relation oojinects a and b in Fig.* 138 ? M|9>ke (i) a» 
(ii) 6 the’ subject of the formula. 



Fig. 138. * Fig. 139. 

3. What relation tx)nnect8 y aiidt^ in Fig. 139*? Makew(i) 2/, 

(ii) z the.subjoct of tl^ formula. • * 

4. The perimeter of Fig. 137 is p in. j what formula connects 

a, p ? Make a the subject. • • 

6 Fig. 140 represents a rectangular field, of perimeter p yards. 
Find formulae for the following cases : 

(i) Given i, b, make A the subject. 

(ii) Given A, I, make b the subject. 

(iii) Given p, 6, make I the sul^ject. 

6. Tile perimeter of the redlangle in Fig. 140 is p yards ; find 
a formula for A in terms of Z, p. 

7. The perimeter of the rectangle in Fig. 140 is p yards ; find 

a formula for p in terms of 6, A. • 



8. A h^l is I ft.^ong, b ft. broad, h ft. high ; it contains V cu. 
yards of air. Express V in terms of /, 6, h and then make h the 
subject of the formula. 

9. If m miles is equivalent to k kilometres, find a formula for 
k in terms of m. [Take 8 km. = 5 mi. ] 

10. Fig. 141 represents the four walls of a room folded out flat,^« 
the units are feet. The total area of the walls is A sq. ft. Express 

A in terms of Z, 6, A. Then make (i)^h, (ii) 6 the subject of the^ 
formula. ^ • 

11. Interpret geometrically the formula A =46 . A ; haake h the 
subject. Find A if A = SJ, 6 = 5. 

12r« Interpret the fonf^ulft C = 2nr and make r the subj^t. 

*13. If F° ^hrenheit is the same temperature as C° Centigr|ide, 
then F = 32 + ~ . Make C the subject of the formula. Find the 
value of C when (i) F = 32, (ii) F =212. 
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14. Iritirpret th^ formula, A = P + , Oad make R the aubjeoi 

crf the fonnula, 

15. , {il What is the number whose square root is 7 ? 

(ii) What is N, if VN =8 ? 

(iii) What is A, if VA =f 1 

16. Make A the subject of the formula, 

(i) VA = 3f; (ii) v^(2A)=:46. 

17. Make I the subject of the formula, / 

' ^ ' (i)r»=S; ' (ii) (f-l)*'=S. 

IS. The edge of a cube is I in. long ; the tcflal area of its surface 
is A sq. in. ; express A in terms of l, and then make I the subject. 
Mhat iS Z'if A = 96 ? 

19. Interpret the formula, and make r the subject. 

20. Interpret the formula, V — nr^h, and make (i) /i, (ii) r the 
subject. 

21. The area of a trapezium is given by the formula, 
A=iA(a: + y). Draw freehand a figure to show what the letters 
ref)r 0 sent. Make (i) /?, (ii) x the subject. 

22. Fig. 142 shows a symmetrical cross ; its area is A sq. in. 
Expree? A in terms of 6, c and then make c the subject. “Uhat 
is c if A = 108, 6=3? 

23. The sum of the angles of an n-sided 
polygon is r, right angles, (i) What is r in 
terms of « ? (ii) Express n in terms of r. 

24. <Find' a formula for the number n which 
is less thAn the number N by R per cent. Then 
make N the subject. 

25. Fig. 126,^. 119, represents a semicircular 
disc of perimet^ p in. ; express p in terms of 7t, 
d, and then make d the subject taking n = v- 

26. The Treasury formula for racing the power of motors is 
H = jnd*. Make (i) ?i, (ii) d the subject ol the formula. 

27. From the formula for the velocity-ratio of a differential 

f 2R 

pull^ system (Ex. VIIL b,''No, 11), n=^--^, obtain a formula 

with (i) r, (ii) R as subject. 

28. If, with the data of No. 27, a load of W lb. Vequires on 

effort of ^ lb., the efficiency E is given bV thf!» formula, E = • 

Moke, R the subject. . 

[For a revisioifi exercise on Cli. VI^VIJI, see Appendix, Ex.^ 2f. 4, 
p, 263.] 


b in. 

fl fix- 


U 

FlO. 142. 
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TEST PAPBES, A. 26-96 

A. 26 - ^ 

1. (ij Add together 2o*-4a-3, 5 + 3a - - 1). 

(ii) Multiply 9c®d2 by 3c*ci® and divide the result by cd®. 

2. A train travels v miles per hour northwards ; t hours lifter 
passing A, it is x miles north of A. What is rr ? 

Evaluate x and 'interpret the tf-esulfcs, (i) if w = iO, •^ = i; 
(ii) if «= “40, (iii) if v^40, t = - (iv) if Vf= -40, 

3. (i) Solve the equation, 5(4a; + 5) = 6(a; -}- 2i) - 1 (7a;*4- r2). 

(ii) Wliat can yoir say about z if 3(2* + 1) =30 ? 

4. In Fig. 143, ABCD and APQR are squares. AB=(n + l) 
inches, AP =(n - 1) inches ; what are the lengths of PB and RD ? 


A • P B * 



D H C 


Fig. 143. 

What is ±he area* of the rectangle *QRDH ? Use th» figure to 
simplify (n -H 1 )* - (n - 1 )*. ^ 

6. Use the Oentigrade-Fahrenheit formujia, C=^(F‘-32) to 
find k if F. is the same temperature as < - 3fb®) C. 

A. 27 ^ 

h (if Add together i(2a -tb “^c), -f c -«), +a -6). 

(ii) Sijaplify 3c*d® x 2c®d*. • 

2. (i) If o=a:*+y®. h=^^-xy, find the value of pb when 

• ^,=2,2/= -il.® 

<ti) km, s=(n+in) nuke, expreee y exiles m km^ 

3. ^(i) Solve the equation, x(x +i) - 2acf 3 =:3<a^ -f i)- 

(ii) Foir what value of W is i(W + 1*) equal to i(W + 2J) t 

• • • - 
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4. Simplify (i) 


8a!« 
2* ’ 


- 8 *‘ 

(- 2 *)* 


(iiO - 


(-M 
( -x) ■ 


5. 4 tickets, at (p + 3) shillings each, cost the same as (p - 3) 
uickets, at 8 shillings each. What is the cost of (jo + 3) tickets at 
(p - 3) shillings each ? 


A. 28 » 

1. Simplify (0 1+1+ 1 ; (ii) ; (iii)-!-^. 

2. Ik Fig. 144, AB =AC and BD =BC ; find x in terms of 


A 



B C 

Fia. 144. 


t-. 

3. (i) Solve the equation /.(7a + 5) - 12 =}(2a + 1). 

(ii) For what value of c is a: = 2 a root of the equation, 

c(x* + 6) =a7(c + 6) ? 

4. Ii) Sihiplify ,^ 2 -; 

(ii) From a (a +^) take 6 (f> +^) . , 

t 

5. A boy buys 10 dozen papers at 8d. a dozen ; he sells some 
at Id. each and returns the rest, for which he gets 7d. a dozen. 
He gains half -a crown. How many does he soli ? 


^ ^ A. 29 


1. (i) Multiply 2T^-3y+z by4*5 and subtract the result from 
3 times {z -y -x), 

(ii) Simplify j+** . ^ 

2. jFind in terms of c the perimeter of a rectangle, I inches 

long, b inches broad, • 

What is the area of the rectangle, in terms of c ? 



m 
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3. (i)^ Solve the equations + -4) =6(6 -gj;). 

(ii) What can you say about y if (y + 1)® equals 49 ? 

4. Copy and fill in the blanks in , 

(i) 4R2->8Rr=4R( )=-4R( ); 

(ii) o -6 -c -d =a “( ) d, 

5. If in Fig.* 144, with ^he data of A. 28, No. 2, y = 
zlBAC. 


A. 30. • 

1 . If a = 3, 6 = - 2, c =0, d = 1, find the values of 

(i) +b^ -^2cd ; (ii) — — (iii) a-^{b -c) -\-d. 

2. I take t minutea to go from iny hoiiae to the station, when 
I walk at 3| miles per hour. How long do I take if I run at 
6i miles per hour ? 

o /'Noi 4.* 2—71 2+h 8+fi 

3. (i) Solve the equation, ^ - ^ . 

(ii) Find values of a, b for which the expressions 

(I ^ » o 4 

^ i are equal. 


4. From (4x* - 6xy)-T2x take {6xy -4y^)-^2y, 

5. In an exercise, containing 36 questions, a boy told to do 
each question numbered (5n-3), where n is an integer. How 
many questions is this ? 

Anothe^f boy is^old to do questions 1, 6, 9, 13, 17, ... in the 
exercise. What formula would give this selectiori of questions ? 


A, 31 

— 1 * 1 -i-j* 

1. (i) Simplify — ^ ; divide the result by }. 

(ii) Multiply ipq by 4^r and divide the result by 4pr. 

2. If water flows at v ft. per sec. through a pipe of diameter 
d inches, tfte pipe delivers g gallons per minute where g =2vd*o 
Use this formula to fin^ the velocity of water in a pipe of , diameter 
I in6h, which fills a taak Aolding 60 gallons in 12 minutes. 

3. Solve^the equationjs, (i) d + Jyrd = 1, where n =^ ; 

5a; -12 7a; + 10 , 

(n) = 

D.S.A * * 
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4. If P - 3a6 'and Q=ab - 26*, *expr^ss P - 2Gi in terms of 
o, 6 . Also find ^ if o = ~ 1, 6 =2. 

5. At &n examination, one-quarter of the candidates fail. At 
tne next examination, there are 84 more candidates and 8 more 
failures ; on this occasion, oiie-fifth of the candidates fail. How 
many candidates were there at the first examination ? 

A. 32 

C * 

1. Simplify (i) ) ‘^“'5 (*') ^ 

2. Agr/iph is bo be drawn showing the connection between the 
number of passengers in a tram dming a journey from London to 
Bournemouth and the distance from London. Which quantity 
should be measured along the axis across the page ? 

If the number of passengers varies from 117 to 206, and if the 
length of axis is 8 inches, show how you would graduate it. 

3. (i) Solve the equation, ^ = 1 + . 

15 10 15 

(ii) If L =Z(1 -{-kt), find t w’hen L — 1]/ and k = ’^, 

4. Simplify (i) (h, (1J(-2«)*. 

5. I walk at 4 m.ji.h. and run at 6 rn.p.h. I find that I can 
save 3J mimltos by rumiing, instead of walking, from my house 
to the station. How far off is the station ? 

I 4 

. A. 33 

f /-v 3 r +5 r- 2,9 s-r 

1. ( 1 ) Add together . 

(ii) Simplify 

2. To stay n days at a hotel costs ISn shillings if n > 4 and costs 
14n shillings if 7 i< 5 , where n is an integer. Interpret this 

^'tfiatement in words. 

* 3. (i) Solve the equationi l{x + 101) - |(a; + 99) =0. 

(ii) If uv — 80 and if u — 5?’, What can you say about the value 
Of w ? 

4. If 2^ = a + 6 +c, express s - o in terms of a, 6 , c. Also show 
that {(« - a) + (s - 6 ) + (s - c)} is equal tcf 5 . 

5. ^he volume of metal in a tube of length I in., ex^ejmal radius 

R in., mad^ of metal t in. thick is 7 r^Z( 2 R ~t) cu. inches. Find the 
internal radius of a tube 8 in. long, made of metal f in, thjpk, ii 
the voliime is 33 cu. inches. Take 7r=V* ' 
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TEST •PAPERS 


m 


1. Find the value of 0 + 6 if 5=4+- and 4=4 + t* . . 

2 S a 6^0* 

2. If the base of a segment of a circle is 2k cm., and*if its height 



Fig. 115. 

is h cm., then the radius of the circle is r cm., where 2rh=h^ +A;*. 
What is the radius, if the height is 4*6 cm. and the base is 3 cm. ? 


3. (i) Solve the equation, - j = 3 


( 4:TI \ ^ f ^Tt \ 

-^ + 1 J is three times as large 0'S ( - 2J , prove that 

2n is five times as large as • 

i. Simplify (i) 3{5p - 2q) -2(4p +3(7) ; 

(\{\ • ¥y 

' ^ * \5ahc^ * 

6. In Fig. 14^. if AB =AC and BC — BD, find z in terftis of 4/. 



B C 

Fig. 140.^ 


Also find 2/ if z =y + 35, 


• A. 35 


Simplify (i) (ii) (c+l)^j 

..... t 2t * 

0-6”l-6‘ 
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2. If R(-3a7-y atid r=2y-x andfi-2R +r = 7J, find the value 
of X, Also, if R =3r, find the value ot y, * 

3. (i) Solve the equation, = 0. 

(ii) If h = — and if n = find r in terms of h, 

' ' 1 + n ^ 


4. Copy and complete the following : 



(ii) 


a ~x 
a -\-x~'- 


a; + a ' 


5. A bookshelf will just hold 3a; books, ea^h 1 -6 inches thick, or 
2(a? + 1) books, each 2J inches thick. What is the length of the 
shelf ? ^ i 


[For additional test papers on Ch. i-F/I/, see Appendix^ 

P.6-16, p. 314.] 
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0 

. EXERCISE E.P. 1 


Substitution (Chapter II) 
If a = 3, b = 5, <ind the values of : 


1. ah. 

2. a + 6. 

^*3, 2a- b. 

4. ki*. • 

5. 2a2. 

. * 2a 

T- • 

7. b - a. 

8. 1 + 6a. 

• * 

If w =3, 6* - 1, 

< = 0, find the values of : 


9. us. 

10. M5*. 

11. vis. 

12. 

13. 2m - 35. 

14. M5+5^. 

15. 3«. 

16. 45* - 3Mf. 

If N=4, n = J 

, find the values of : ^ 


17. Nm. 

18. » . * 

n 

19. Nh». 

20. N - 5n. 

21. -. 

n 

22. - . 

N 

23. 2a*. 

24. 4N». , 

If e = 3,/ = 5, 

a — 0, find the values of : 


25. 4e/. 

26. 2/2. 

2"^ • 3/!7 + S'®- 

28..6e2-6/. 

29. 3c2-/2. 

30. fcje^, 

• 

31. e» + 2g*. 

32. 1. 

^ ♦ 

33. 2(6 +/). 

34. e(f hf). 

35. 3(/-e). 

36. 2eCf-\-g). 


If X = 6py ~0, 2=3, find the values of : 
37. X + ,v 38. 2x — 3?/ — 22. 

1 1 


40. 

2 


43. x{z ~ 2y). 


41. 


44. 


39. Sy+yz, 
4 ^. x-hxz^, 

45. x{x -22), 


If ?n = 1, n =2, t—- 3, find the values of : 

46. 7/1®. 47. mnt, *48. 

50. 51. »i». . 52. 

. i 

If c =rf, do= J, find the values of : 

54. 3c-4d. 55. 3 .* 5«. - + 4. 

„ d c d 

68. 1-c. * 59. 6cd. , 60. 3c»-4d». 




4?. 

53. 


n® -mL 

m* 


57.* dc*. 
61 . ^ .-(i. 
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If p = 4, g = 9, r = 1, find the values of ; 

62. p(q+T), 63. (<l -p)(!P —t), 64. ^(6r-4). 






65. 

V 

68. Vp 


66 . 

p-l 
69 's/q. 


67. 


g +r 


p + r 

70.. y/{vq). 


71'. If a—b^-h and 6=5, what is (i<) a, (ii) ? ? 

72. If X =2y 9 iid x — 10, what is (i) y, (ii) xy ? ' 

73. If 2rrt^ +n^ =p and if m =;0 and n = 1, what is ^3 ? 

74. It 2 / = 2a;2 - 3a; + 1, what is y if (i) x~\^, (ii) x = 2, (iii) £C ==3 I 

75. Iiy=(x-{- l)(a; -f 3), what is y if (i) a; = 0, (ii) x = \, (iii) jc=2 I 

76. If x=2y and y = 3z and s =4, what is x ? 

77. If w = 21 and u = 1 , what is - -j- - ? 

78. If i — and 6=j J, what is (i) I, (ii) lb, (iii) ^ ? 

79. If X =6, what is a if 6 = 2 ? What is 6 if a =24 ? 

0 

80. If pq — 56 and if g = 4, what is ^ ? 

81. If - = H, what is n ? 

n 

t 

EXERCISE E.P. 2 

< Generalisation (Chax>tor II) 

Give general statements which include the fi, blowing ; 

1. § = 1; H = 1; 1= • 

2. 0x7=0; 0x4=0; 0x10 = 0. 

3. l+iV=4t'^; 

4. 1=5=2: V=T^t=y= 

' It 3x7 , . 8x5 Q 10x12 

6- — =3: -5 -- 127 =*®- 

6. 2+4-16=4x3; 7+9 + 11=9x3; 12 + 14^16 = 14x8. 
3x5 5 6x4 4 10x3 3 

3x‘7 7’ 6xll~ll' 10x8“8» ; 

8, £3=3 x 20s. ; £7 =7 x 20s. ; £12 = 12 x 20s. 

9. lii £2, there are 2x8 hi*lf -crowns ; in £P, 

10. In 7 feet there are 7 x 12 inches ; in s feet, 

11. ^ lOG minutes = hours ; 45 minutes hours. 
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12. The cost of 7 Ib.^o! silgar at 3d. per lb. Is 3 x 7 pence. 

13. If a boy scores 62 runs in 5 completed innings, his average 
is ^ runs. 

14. If a man earns £600 a year and spends £40 a nfonth, h^ 

saves £(‘500 - 40 x 12) a year. • 

15. If a boy bicycles at 10 miles an hour, in IJ hours he goes 

10 X H miles ; jn t hours he goes 

16. If a boy bicycles at 6 miles an hour, a journey of 16 l^lil€|^ 
takes ^ hours. « 

17. If a coal scuttle when empty weighs 3 lb* and when full 

weighs 14 lb., the cotfl in it weight (14 - 3) lb. ^ 

18. From 9 a.m. to 4 p.irk., there are [(12 -9) +4] hours. 

19. If a clock loses 5 seconds each hour, it loses 3 minutes 

each clay. • 

20. If a soldier’s stride is 30 inches, ho takes, in every hundred 

yards, paces. 

21. If £7 is shared by 10 people, eacli gets 14 shillings. 

If £11 is sliared by 10 i^'ople, each gets 22 shillings. 

22. If the diameter of a circle is 6 cm., its radius is 3 cm, 

23. £3. 11s. eciuals 12{3 x 20 -til} pence. 

24. 1 5 miles per hour is the same speed as 22 feet per second. 

25. I’he number midv/ay between 9 and 17 is 

26. Sinc‘e 15 -4-^11, 15:r:ll+4. • 

If a - b — c, then 

27. J(.S2+5=) -4= = 1 ; -J(82 + 102) ; *(15® + 17*),-lft* = L 

28. If a railway fare is 15 police^ 4 whole tickets and 3 hall 
tickets cq^it 15(4 ponce. 

29. The square of 14 is four times the scpiare df 7. 

The square of 22 is four times the scjuaye of 11, 

30. Below 10, there are 5 odd numbers. Below 18, there are 
9 odd numbers. Below there are 23 odd numbers. 


EXERCISE i.P. 3 


^ Simple Equations (Chapter III) • 

Solve the following equations and check each answer ^ 

f. 4<=32. * 5. R+4=32. 3. a -4 = 32, 


4. -" = 32. 

4 

7 y + ier2. 


•5. 2p -H=0. 

8. 2z-I=0. 


6. 14=^3c. . 
9. 10-«=6. 
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10. f^l2. ' 

11. ^=6. ‘ . 
o 

12. 2\=d-i. 

13. 7-A=4. 

14. 0=2k-l. 

16. | = U. 

16. 3-J7>=0. 

17. a;-2i = 3i. 

18. 2 + 1-4=31. 

19. 4-5 -1=2-5. 

20. 3r = l. 

21. 3s -1=1. 

2?. 6-5p=6. 

■ 

24. ■0-4ii=4. 

25.“ = !. , 

26. 12-i6=7. 

27.' 0 = 3 -9c. 

28. 'y5n=6. 

29. 0-7p=2-8. t 

30. 0-l5=0. 

31. Jr 5 = 11 -r. 

32. 3«-7=2?-3. 

33. a:-l=5^:-9. 

34. 2(2/-1) = U. 

35. 3(2 +2) =27. 

36. 0=4ji-9. 

37. 10a = 5a. 

38. 106=5. 

39. c -5 = 10. 

40. 5(n-l)=7. 

41. p + Ip =28. 


43. 

44. i(<-l-l)' = 5. 

45. 0 = J{c-10). 

= 

47. * + 7=0. 

2 4 

48. ^ = 1-6. 

49. 3 -^6 = 1 +6. 

60. -'’-2-2^ 

4 

51.iii.4. 

62. «=|. ' 

Tl 3^ 

53. 2i=-. 

r 

- k4- 

55. I 

4 

f-l-s-- 


58. Z-0-4Z=?,0. 

59 ' + J— 1 
d^2d~Z' 

60. ^,=',.3. 

' 

EXERCISE E.P. 4 



Like and Unlike Terms (Chaptor IV) 


, Simplify, wliero possible,^, the following expressions. Ij thers 
ia no shorter form, say so. 


1. u + 2u. 

4. 36+2+6. 
7. 36^+0. 


2. 6c -2c. 
5. pq + qp. 

8. 37^^+ 2m 

k 


3. 3a + So. 

6. 10^2.5^2 

9. 6d2-5, 
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16. 2Z+Z+3Z. . 17^ • 18. 36c -r 2c. 

19. rs+sr. 20. 7R-5r. 21. 2a*b+ba*. 

22. 4c® -4c. 23. 3st-Ua. 24. tU-^. 

26. 6A+3A-9A. 26. 27. p 4-jjg'. 

28. . 29. 2id-|. 30. 4x61-«. 

31. 2a: +*37/ -a; +2/ . • 32. 4+ 4c + 2^ -2. • 

33. jt?+(7+g4-jD + l. 34. /“ - S/gr - 6/<7 +/2. 

35. r^s+rs^+sr^. *36. 2w -v +wV3?^3. • 

37. + 2(ic + c 38. a6 -oc +6c -6a +cw -c6. 

39. - 2< + 4 + 2/-2 - 3f - 1 . 40. ^yz - 3a:2 +27/ - :c7/., 

41 . a:® - ^a: + 4 - a:® + Oa* - 3. 42. jo® + -p® + g®. 

43. c^-l-c-l. * 44. 2+3ea+e*-e2 + l. 

45. aha + 6a6. 46. 4 - 6R + 2 - 3R. 

47. 107^ + lOw® - 10^2 _ 10. 48. ccdd +cdcd +dccd. 

« 

« 

EXERCISE E.'F. 5 

Products and Quotients (Chapter IV) 

Simplify the following : 

1. x*xu:*. 2. 6^+6*. 3. 3c x 3c, 4. 4d-^6e, 

5. xp^. 6. 2t xi^. 7. 3r5 + 25. 8. 62/®-+2y*. 

9 . cxc*. • 10. 6a26 + 2a. 11. c«+-c^ ^2. hdxbd. 

13. 14. 4t*x2t^. 15. 8r®s2 + 2r5^. 1^ 4a® x 2a. 

• • * 11 

17. 2*2 x3:r2/2. 18. 19. 4/cxJA:.^ 2 5 * 

21. 5n+-J. 22. pq xpr. 23. 65-+85. 24. 

25. 3a6®x3a®6. 26.’ 3r®a.^2r«. 27. 62'>-r3. 28. 12-^-.^ 

29, t x2t X 3t. 30. 2p x 3q^pq, 31. 2a:® x 3xy x 4y\ 

32. a®xa®-:-a®. 33. 6®«6*+6®. • 34. ]2cW-f-3c®d®. 

35. 2ab\2bcx2ca. 36. 4r6' x 4r<+-45^. 37. 

• 2 3. 5 

. • • * • 

38. The square of 46c®. 39. A square root of 4ci®. 

40. The cube of 3n®^ 41. The square qf 3r®. t 

4^. A square root of 16x^y*, * 43. The cube of 2y^z^. 

44. The^cube root of 85®. 45. The square of 6pq^* 
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46. (2o)= + (3a)* 

49. (p*f-rp’‘. 

52. (30’-(2«)>. 

•55. a* x'(2^)». 

' 58. n X (2n)* x (3n)’. 
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47. (45)»h-(26)». 

50. {2pgy X 3?. 

53. (2«)* x(3t))»-h6v*. 
56. (2p2)>-r{2p»)*. 

59. (3o6»)*.^3a5. 


' [ii:p 

48. {3c)»x3c» 

51. (art/*)* X 2**. 
54. (4s®)*-r4*. 

57. 4oWT-4a6eii 
60. t(2t)’-hfi. 


EXERCISE E.P. 6 

t 

* , il.C.F. and L.O.M. (Chapter IV) 

Find the following : ^ 

1. H.aF. of 6r, 3rs. 2. 'H.C.F. of a% abK 

3. L.C.M. of 2pq, Cyp^q, 4. L.C.M. of 3y^ 2yz, 

6. H.C.F. of 6a^b, I0ah\ 6. H.C.F. of 

7. L.C.M. of 2.T?/, 2.vyz. 8. L.C.M. of 4 abxy^ \4tbyZm 

Find the H.C.F. and L.C.M. of the following : 

9. 2x^, 10. ba^by 106^. 11. SyH. 

13. 5r®. 14. Syx, }0xy. 


12 . 4x®, 67 /“. 

15. 12, }0t, 

18. x^y, xy^, 

21. lOxS \2xy, 2xK 
23. 2s2, 323, 4^4. 

25. 6a:/ 2x7/, '2.7/3, 


16. 7/^>22, 7/3;:. 17. 9c/2, 6 / 17 *-*. 

19, 463, 9^3 20. 1262x, 8 a 6 t/. 

22. 6ri363, 9a26c, 12o*6V2. 

24. 4r3, 5ns, 6 .s- 2 . 

26. 2x^yz, 3x7/2^, .^xt/z®. 


27. 8 , lOp, 4p3, 372 . 

29. 10x3, 15a6x2, 20cx.v. 


28. 9x3?/, Qy^z, \2x^y^z^. 
30. (2ax)2, (G6a.)2, (2cx)?, 


EXERCISE E.P. 7 

Fractions (Chapter JV) 


Simplify, where possible, the following : 


a 

2 

62- 

3 

J- -3 

A 

d • 

c ^ 

-si* 

6- p- 

7.2?. 

26 

« 1’’ 

9. 

, , 

id. 

St 

n. ” . 

M*' 

12 

12. 2 - 

773 

13. 

14 ® +2 
6>2’ 

‘"-g- 

,« 2ac 
2ad' 

17 Sa:?/ 

18. ?. 
z 

19. 4- 

db 
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21. 

— . 22. 
2e2 

2r8 , 
28r ’ 

23 ^ 

23- jr- 

Tcl . 4«ijn> 

kH*' 4mn ' 

26. 

1^. 27. 

3grr. 

9uV ■ 

28. 

26. f . 30. _ 

31. 



CO 

CO 

3^- 35. 

36. 

a a • * 

6*^8* 

37. 

26, 6 

3 2‘ 

qQ I *. 

3®- 3 +“6~- 

39. 

■ 

40. 

% 

?7.. .• 

ill • 

2e 6e*’ , , 

42. 

1 1 
t^2t' 

43. 

l-i- 

44 -"-i. ’ 

• ftl d . • 

45. 

1 

71 . 

71 

46: 

i+‘. 

47. <7^+1 . 

48. 

2 i 

r2' 

49. 

1 , 3 

2mn ri‘‘^ 

60. P-P-,. 

, 7 7“ 

51. 

8 

52. 

1 

w mi* 


64. 

a b 

106c” 16ac ’ 

55. 

r 

r-i — . 

5 

3®' '6^5 • • 

67. 

58. 

Ix?^. 

7 

59. 

y 

60. 

a2 . b 
b^ ‘ a* 

61. 

— hde, 
ce 

62. _ 

63. 

(?)>- 

64. 

• 

‘A- . 

«r* 

65. 

31/2 oa;^ 


EXERCISE E.P. 8 

Brackets (Chapter VI) 

f 

Simplify the following : 

1. a + (6-3c). 2. (l-\ {b-d)^ 3. 2/-(/ + gr). ^ 

4. (k-hl) -{k -1). 5. p -\^2q^-{Zq -p).^ 6. {r-2s)-8, 

7. 8. 4//~(x-3y). 9. {x ■~y)+{y -x). 

10. 62-(62-c2). 11. (a-2c)-(c-2a). 12. (l+n)-(l-n)e 

13. (c-d) + {d-e).*lifp-(p~q)-g. 15. l + {l-^-{2-2x}. 

Solve the equations^ ^ • 

1^6. 3 -(1 if. (3x-A)-{5+x)=0. * 

18 . 4niil0-(2n + l). 19. 6-(2p •l)+(4-p)=0. 
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Fill in the blanks m the following : * 

20 . a-c+e=a-( ). 21 . p-‘q-r=p~{ ). 

22. » - 7 + 2 = 2 -( ). 23. r+s+«=3r-( ). 

'' 24. From 2a - 6 + c subtract a + 6 + c. 

25. From 3p -\-2q - 3r subtract r - 2q, 

26. By how much does 7 - a; +2 exceed x - z -y ? 

27. Subtract r - s from the sum of r + 2 s - « and r - s + 2f. 


o EXERCISE E.P. 9 

*■ Brackets (Chapter VT) 

Simplify the following : 

1 . 2 (c -d) - (c +d). 

3. 5-2(1 -A;). 

5. 2q + b{a-\-2q). 

7 . x(x+y) -x(x-y). 

9 . 72-2(7-2). 


11 . 

3^2 

13. i(a + 6 )-i(a- 6 ). 
15. 4 (p+n 3 ) -J(p -q). 

19 

3« 12t • 


2 . S{f + h)-2ih-f). 
4. p-Z(r-p). 

6 . 4(m - t>) - 3 {m + v). 
8 . a:(i/+x) -y{y+x). 
10. (x*-5x)-r*. 

,2 P-S p + 1 

14. J(r -d) - J{c+d). 
2r - 3 _ 2r + 3 
10 15 ■ 

2x + 37 


16. 


18. 1 - ■ 


20 . 


bx 

m —n m 4 3?i 

"12 6cr“* 


21 . 


4a^ - 6a5 
2 a 


e- 2 / e-9f 

37 ‘ 


22. c-c(. 

a* + 25® tt- 

24. 


26« 


6 ® a® 

25 . 3 (x 4 - 7 '- 22) - 3 (a ;-7 + 22). 26 . r(s -0 + 5 (^-^) + <(^-^)* 

27 . (OxN -8 xi/“)^2x2 /. 28 . +^)‘ 


29 . o - {o -(1 +a)}. 

81 . 36 +c-{ 46 - 3 ( 6 -c)}. 
S3. y- 2 {*- 4 (j/-*)>. 


30. 2r*^{4-r-l}. 

, — 

32. 2 {a;fi^ 7 -a;} -3(a;+7). 

34. afa(jgt+ 6 ) -5(a-6)}. 
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Copy and complete fhe fallowing : * 

35. a-26-2c=:a-2( ). 36. 4a?® - 6 a? 2 / =2a?(,...,,). 

37. 2a-2c-3a?-32: = 2( )-3( ). 

38. o? +a6 -p® +pg=o( ) ~p( ). 

39. 3^+m •-n=4Z-( )=.3(Z+m)-( ). 

40. 1 +a: +a?® +*a?® = 1 +a; +a’®( ) = 1 +a?® +x{ ). 

41. Add a? -f 2 ( 2 / - 2 ) to x*- 2(y -\-z). 

42. Subtract m-{b -c) from c -{b - a). 

43. Multiply x -{x -y) by y -(y*-x). 

44. A^Tiat must be%idded to p - + r) to give p + (q + T)ii 

45. What must be subtracted from 2 (r - s) + Z to leav^ 2^r - 1) ? 


llXERCISE E.P. 10 

Positive and Negative Numbers (Chapter VII) 

1 Subtract : ^ 

vi) -afromo; (ii) 6 from - 6 ; (hi) 51/ from 71/ ; 

(iv) -3a? from 5a?; (v) 5p from -2p ; (vi) -62 from -22. 

2 . Add : 

(i) -aanda; (ii) -26and-36; (hi) -card 8 c; 

(iv) 7a? and -4a?; (v) 0 and ~2y ; (vi) -42 and -z, 

3. Multiply : • 

(i) -oby -1; (h) 25 by -2; (hi) -3a? by -4; 

(iv) -yhy^; (v) -2 by - 2 ; (vi) - 6 f>y 2 ci^ 

• # 

4. Divide : 

(i) •4a by -1; (ii) -2 by -2; (iii) 6y hy -2; 

(iv) -9a? by 3 ; (v) -a?® by -a? ; (vi)« 6 a 6 by -36. 

if a = - 1, 6 = - 2, c =3, d —0, a? = - 4, i/ 1, write down the 
values of the following. Nos. 6-57 : 

5. o 6 . 6. oc. * 7. bd, 8. ax. 9. dy. 

10. be. 11. ay. 12. bx. 13. cd. 14. xy. 

IS.**. 16. 17,-. Ig. 19.-. 

a a a y 

20. • 21. 22. 23. 24. -. 

y ®.,*" y 

25 . 6^. ^ 26. o>. • ; 27. x». 28. a*. 29. d». 

30. a-b. 31. b+c. '^^32. d-a. 33. x-y. ,34. c ►*. 

35j y-ha. 36 a? -6. "^37. a*-c. 38. b-d. 39. y + b. 

40. 2 / -of 41 af-r 42- 2^+y. 43. 36 -c. 44. d-2a. 
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45. 3y -h. 46. 2lb-2d, 47. b—2(t, 4^. a -2a;. 49. c + 4a. 

60. 2c -6a. 51. 52. 26 -a;. 53. 3a; -4a, 

64. a(b-c). 55. 6(d-a). 56. x(y -b), 57. c(a-a;). 

Simplify the following : 


58. 


59. 

( -2r)( -r). 

60. ( + 3s)( - 2«). 

61. 

(_8«)^(-2). 

62. 

( -6fc)-r3. 

63. (4')+(-l). 

.64. 

-(-4a). 

65. 

+ (+36). 

66. -(+2c). 

67. 

(-3)(2;r). 

68. 

0 x( -3i>). 

69. 6+( -4*). 

70. 

,3p - bp ~p. 

71. 

a - 4a + 2a. 

72. - « - 3« - 4«. 

73. 

a; 4( - 3a;). 

74. 

( -y)+{ -y) 

45. 2z -( -z). 

76. 

- ( -a) +( 4-a). 

77. 

-(+C) +(-: 

c). 78. +( -:P) -( -pK 

79. 

-( +26) -( -2c). 

80. 

3r - ( - 3«). 

81. ( -2;fc)+( -1). 

82. 

( -a)+-(a6). 

83. 

c+-( -c®). 

84. ( -d)+( -2d). 

85. 


86. 

©<-■ 

87. ( -x®)+(x3/). 

88. 

i-imr 

89. 

(_a6)+(-26). 90. 

91. 

(-l)(6-a)+( -a). 

92. c+( -2)(c -d). 

93. 

(x^ - 2xy)-h{ -x). 


94. ( - 

-3)(p-?)+(-2)(g-j>). 

95. 

(r -s)-^( - 1) +5, 


96. - 

2j/+{ -3)(x-i/). 

97. 

0 + (-M{2-2/). 


98. (a 

-6) -(6 -o). 

99. 

(-2)(;.3x)+(l-l)(-4a;). 100. ( - 

- 2a")2 - 2a’2. 


EXERCISE E.P. 11 


Substitution and Brackets (Chapter VII) 
If a — 2, 6 - -\,c— - 3, rf =0, find the values of : 


1. a - (6 -he). 

4. 26 - 3((i - c). 

7. (a -6)(a - c). 
Q ~\-d> 


13. 6“ 


56' - 3. 


16. 3c2 - 2cd - ad*. 


2. 6 - (a -c). 

5. .3c - 2(o -d). ' 

8. (6-c)(d-o). 
a(t, -c) 

6(a -hc) ‘ 

14. 6^-r6c-hc2. 

17. 2a6 -h 36c -h 4^. 

v 


11 


3. c - (6 - a). 

6. 4d-(6-c). 

9. (c -6)(a -h6h 
ad - 6c 
a6 - cd 
15. 3a2-h2ac-c\ 
18. 68-c8 + 3a6c. 


12 . 


19. 2a2-c{36-2(a-hc)} -(a-6)2. 

20. C a{6 ~^[d - 3(6 -c)] +a) - (a -f 6 -f c)^. 

21. c{i -a[2(2a +c) - (46 4 c)(a -hd)]}. 

22. (a -6) (6 -c)(c - a) - (a -6[6 -c(c - a)]}. 
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10-12] EXTEA practice EXERCISES 
Simplify the followiag : * 

23. 3a: - 2a: - 3j/ + 3 . y -x. 24. 4e - 2 (3e -/) - 3 (/ - e). 

26. p - 2g - {3g - 2 .p -g}. 26. i(y -z) ~z -y -2yt, • 

27. 3 . r - 2fl - 2 . a -3r. 28. 2{u - 3 . m - 1} -*«. 

29. x-{x-[2x-2(x-y)-y']-y} ~(x+y). 

30. 2(z -.y)»-3{j/ + 2[2 -,3(2/+*)] -z). 

* • EXERCISE,E.P. 12 • ^ 

Miscellaneous Operations with Negative Numbers (Chapter VII) 

1 . Subtract - a - 6 + c fFom a. , 

2. Divide - ^xy -x by —x, 

3. Simplify - — h 

-y y -y 

4. Copy and fill in the blank space in a; - 7/ =( - 1)( )• 

5. Simplify (i) ( -a)( - ?»)( -c) ; (ii)*( -a;*)® ; 

(iii) ( -y)\ -y^) ; .(iv) (2p)( - 35')-r( - 1)“. 

6. Subtract + 7 from x^ -5x - 2. 

7. Add - (1 - 2a;) to 3(a; + 1). 

8. Divide x^y^ -oc^y* by -xy, 

9. Multiply I “(2 - a) by -a, 

h2 12 _ 54 

10. Simplify + ( - hr-. 

11. If (x -a)(y - a) = 0 ®, and if a = - 1, c = - 1, t/ = 1, find the 

value of a*. t • 

* r 

12. If r 5 + 4 — 0 and s = - 1 , what is the valtte of - 7 

8 

• 11 

13. If .r — - J and y—-\, what is the value of - - - ? 

14. Simplify {a 2a ®) - a) +(26® --6)-+( -6). 

15. If pq =p + q and 5 = - 1 , whatsis pi ^ 

16. Can you find two numerical values of x such that the 

square of a- - 7 is 1 6 ? • 

17. MultVy 

l5. Divide a;® 7 /®z® -x^y^z^ +a>®y®z* by —xyz^. 

19. Copy and fill in the blank space in 2r - Ss =(a -•r) ■;•( • )• 

ff0« If 2 / simplify ^ . 
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EXERCISE E.P. 13 ' 
SimplG Eijuations (Chapter VTIT) 
Solve the following equations 
1. it=U. 

, s; ?(p-i)=i- 

5. ?a: + l-25x = 3-4. 


iMt »3 


7. 3(n-2)+4-4(3-n)=0. 


9. 


^±^=iy-2. 


2. 5+|?=0. 

4. i(r + l)=^(r-l): 

6. |+|=y-7.' 

8. l|(c + J.)=c + 5i 
10. 


4' 




13. 

15. 


2.r+7 a; + l __3 
' 4 3 4‘ 

i + l t — 7 + 4 

“2 3 


n. ^(p-2)=J(2p-6). 

19- fe-3V^-2- 

21. f(y + 5)=t/-i(y-l0). 

on a; + l , ^ + 2 . + 

23. -2— +—3 + 4 ^4 


12 

2 3 4 

,, a 50+4 4o-9 

2 3“'^'"3~' 

is.?£+J,3-'-i2. 

20 3iL+2_22^==* + 3. 
5 3 

22 

4 *> 


24, 


9x’ + 7 




= 36. 


i-2 « + 3,o < 

25. <---^=- 4 - +^" 5 ' 

' 26. i(p-4)-i(5-p) = J(3-4p)- 

" 27 2x+^ 3xt6..g_2^^. 

^ 1 - - 3 + 5 5 

28. J(j/+"lO) -i(j/ + l) = ]\{y + 33)- 

-- 2(2w + l) 1 -w 3(3w - 1) 

29. 5 4 - 10 

'■ .'te- l « + l 2« . 
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CHAFTEIl IX 

SIMULTANEOUS EQUATIONS AND PROBLEMS. 

• 

Example 1. Two' tanks, A andi B, contain feO gallons and 
300 gallons of water% If water is allowed to run into Ajat the 
rate of 10 gallons per minute, and to run out of B at the rate of 
20 gallons a minute, find a formula for the number of*gallons n 
in tank A after t minutes, and a similar formula for tank B. 

Water runs into A at 10 gallons per minute ; 
in t minutes, 10^ gallons run into A ; 
after t minutes, there are (120 4-100 gallons in A. 
for taiiK: A, n — 120 + lOt, 

Water rmis out of B at 20 gallons per minute ; 
in t minutes, 20^ gallons run out of B. 
after t minutes, there are (300 -200 gallons in B. 

for tank B, n = 300 - 20t. „ 


Since the amount of water in A steadily increases, and that in 
B steadilpr decreaSes, there must come a single moment when 
A and B contain equal amounts of water. This means that there 
is one value of t which makes the value of n for tank A the same 
as the value of n for tank B. 

At this moment, mid only al this moment, the equations 
n = 120 + 10« ; n 300 - 20« 

are true for each tank, and we call them simultaneous equations 


If the equations 


f7i=-120 + 10« . 

\ ctriA Q-r© simultaneous, 

ln*=3du-20^ 


then / 120 + 10^ = 300-20^ ; lOf +20« = 300 - 120 i 
30< = 180; ? = 6. 

Also n = f20 + 10/1 = 120 + 60 = 180. 


D.8.A. 


X 
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Check : Take the other equation, • 

n = 300 - 20^ = 300 - 20 x 6 = 300 - 120 = 1 80, as before. 

This shows that in 6 minutes’ time there will be equal amounts 
ef water, namely 180 gallons, in the two tanka. At no other time 
will this be true. 


EXERCISE IX. a 

' t " * 

, 1. A and B have £110 and £600 respectively in the bank. 

If A increases his bank balance by £.30 every year f.nd if B decreases 
his halancq by* £40 every yonr, find a formula for A’s balance, 
£P, after years, and a similar formula for B’s balance. Find 
the tirfie at which their balances are equal, and the amount of the 
balance at this time. ' 

r 

2. Bodies of various weights are attached to the hooks of the 
springs in Fig. 147. A stretches J inch and B stretches 1 J inches, 
for each 1 oz, weight attached. Find a 

formula for the total length, I inches, of A A B 

when a body of weight W oz. is attached, 
and a similar formulU for B. Fiqd what 
weight makes the total lengths equal, and 
what this length is. 

3. At one golf Club, there is an entrance 

fee of *£9 and a subscription of £6 a year ; 
ftt another Club, the subscription is £7. 10s. 
a year witli no entrance fee. Find the 
formula for tJie total cost, £C, forn years at 
each Club. Find also the number of years 
for which fhe total cost at the Clubs is the 
same, arid what this cost is. ♦ 

4. Find the formula for the tax, £T, on , 

an income £P, calciilated by each of the following rules, fhr P > 200. 

Rule I. No lax on the lirst £200 of a man’s income, and 5s. in 
the £ on the rest. 

Rule II. No tax on the first £160, and 4s. in the £ on the rest. 

For what income do the two iniles giye the same t ax, and how 
^ much is this tax ? 

5. Fig. 148 represents a man A driving from Winchester 
to Oxford at 20 m.p.h. aAd a man B driving from Oxford to 




Winlihestezi at 30 m.p.h. Find a formula for the distance d miles 
from 0*xford at t hours after li) a.m. (i) for A, (ii) for B. 

At what moment are A and B at the same distance (rom Oiford, 
at twhat time dc they meet ) and Jiow far is this from Oxford I 
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.1 » 

6. Write down thioo pairs of numbers, x and y, such that 
y = 2a: + l. Find the only pair of numbers, x and y, for whicfc 
y = 2a; + 1, and such that their sum is 7. 

7. Write down throe pairs of numbers, p and such tYisA 

Find the only pair of numbers, p and q, for 

which p = ^3 and p=^. 

o 1 % \ 


8. Write doyn three pairs of numbers such that the sum di 
each pair is 12. Find a pair of nunxbors whoso sum is 12 ani 
whose difference is 6. • * 

Find’ pairs of valul&s which satisfy the following simuljaneoua 
relations : • 


a = 7 - 26, 

10 . 

r = 3 

11. 

CO 

•1 

II 

a—b~2. 

• 

r = 12 - . 9 . 


71 = 7^-13. 

w =v - 3. 

M =L5y - 19. 

13. 

y = 5 -3;:, 
y = 13 4;:. 

14. 

P = 3Q, 
P=20 -2Q. 

-:=^> 

r = 15-25. 

16. 

b^i(u + l). 

. 17. 

n -3t= 2, 
71+1 — 14:. 

g=r -3, 
q = lr-2l. 

19. 

X 1 

X 

y=i- 

20 . 

2p=5q, 

p=2{q-‘tl). 


Solution by Substitution • 

Example 2. Find a pair of numbers, x and y, whicli natisfy 


simultaneously the oquationfe, * 

^ • 3a:+2y=L*l (i) 

2.r+5//-^3 ^ (ii) 

91 __ 

From (i), 21/ =21 -3.r, y-- y-- ^ (iii) 

Substitute this value ctf y in (ii). 

Then 2a: + ®^- 4-e + 105 - 15a: =6 ; 

-6 t • 


-1U= -99 ; x=9. 

2 1 —21 6 

Put X — {^in (iii), then y = 2 ~ ” o ~ * 

^ /. the pair c^'numbers is a; = 9, y = - 3. • 

Chech : If a; = 9 and y = - 3, 2a; + 6y = 18 - 15 = 3, as in (ii). 
Note. The value of § was found by substituting af=ft in (iii), 
whi<^ is equivalent to (i). We therefore use (ii) for the check. 
no< (i). » ^ ^ 
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C 

EXERCISE IX. b 


Find y in terms of a; in 

Nos 

. 1-9. 




1. 

2a; +j/=7. 

2. 

Zx-y = 

11. 

3. 

6x -t 22 , = 12. 

4. 

| + 3j/ + l=0. 

6. 

3-42,= 

12. 

6. 


7. 

5a; +41/ =0. 

8. 

6 

3 

9. 

X 2/ - 1 

8~ 'T' 

Find X in terms of y in 

Nos 

. 10-15. 




10. 

3x-2y=l. 

11. 

X V , , 

2+3 

1 . 

12. 

II 

1 

1 

13. 


14. 

II 

6. 

15. 

^-®=ij. 

X ^ 


Solve the following simultaneous equations, Nos. 16-24. 

1 ' -t fj P' .. . J 


16. y — 2x-l, 
y=:9-2x. 

19. u=3v, 
&=7 -2v. 


17. x=5 "y, 
x — 3y-l. 

20. b=i{a-2), 
6 = J(3-a). 


18. r = 5.s'+4, 
r=2s-h9. 

21 . 2 / = 1 + 3 , 

2/ = i(3-6z). 


22 . p-iq^l, 
2p = 35 - 6. 

t. 


23. d=5c-3, 
3(1 = 8c 4- 5. 


24. = 

.g=3ft-7. 


25. Is it better to find x in terms of y or to find y in terms of a;, 
you are using the substitution method to solve the ‘-following 
simultaneous ec^uations ? Do not solve them. 


(i) 3?/-a: = l, 
ly - 2a; =4. 


(ii) 62/ +^+7=0, 

22/-?-f8=0. 


^ Solve the following simultaneous equations, Nos. 26-33. 


26. 

a + 26 = ll, 

27. 3p 

q =11, 

28. 3a; 

-72, =36. 


2a “ 6‘=2. 

2p 

-3ff=6. 

2a;^ 

+ 62 , = 4. 

29. 

1+1=3, 

30. ^ + 2v=9j 

Q. 

cc 

1 

CO 

=4(1, 


2 3 

2y + 3z=2. 

o 

u 

f* “ 
A. 

II 

4P 

+ fQ=4. 

32. 

3r-4«-h2=0. 


33. ic — 

-t 3 =0* 

« 


Zs+r + \ =0. 


h- 

y+i=o. 
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Solution by Addition or Subtraction 

Tho following method, although applicable to any linear simultaneous 
equations, is not so general as the substitution method ; it rpay therefor^ 
be oTihttod, if desired. Hut in this case Ex. IX. c should bo used for 
further practice in« the substitution method. The general instructions 
on p. 150 apply, to both methods. 


Example 3. iSolv^ the simultaneous equations 

.Tr .*..... 

I 

+ 2// — 29 

The result of adding the left side of (i) to the left side of (ii) 
equals the result of adding the right sides ; but if we do this, the 
term in y disapjiears, leaving a simple equation in x. 


. (i) 
. (ii) 


Thus, 


Ca;+5.c = ll -f 29 ; 8.^==40 ; 


x=b. 


Put a; = 5 in (i), then 15 - 2^/ = 1 1 ; - 2?/ = - 4 ; 

/. 2 / - 2 . • 
the solution is x=5, y=2. 

Check : If a; =5 and =2, 5x -\-2ij -25 4-4 =29, as in (ii). 

_ • 

Example 4. boT^e the siiqultaneous ofpiations • * 

^ 2x-5y—27 (i 

* 2x + 2i/~S ^ (ii' 

If we subtract, the term in x disajipears. ^ 

Subtracting, - Cty - 3^ =27 - 3 ; - Sy =24 ; 

• .-..= -3. 

Put 2 / = - 3 in (ii), then 2.r-9=^; /, 2a; = 12; ^ 

.•.^a;=6. 

^ the solution is a; = 6, ?/ = - 3. * 

Check : If a; = 6 and y=^2y 2x - by = \2 + \b = 27, as gn (i). 

• • ^ 

The process of getting rid of one of the unknowns is c^lleo 
elimination. In Exampjte 3, we eliiwinated y ; and in Exfwnple 4, 
we eliminated x. It does not matter which unknown is eliminated, 
always do whichever is easier. ^ • 
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• < 

Example 6. Solve the simultaneous equAtions 

7jj- 6^=20 (i) 

r ' 3x+4y= 2 (ii) 

The L.C.M. of 6 and 4 is 12 ; /. if we multiply each side of (i) 
by 2 and each side of (ii) by 3, we shall obtain equations in which 
the coefficients of y are numerically eqijal. • • 

Multiply each side of (i) by 2, .*. 14a; - 12^/ =40 (iii) 

Multiply each side of (ii) by^3, 9a; + 12?/ = 6 (iv) 

From (iii) and (iv) by adding; 23a; =46 ; x—2. 

Put a; = 2 in (ii), .*. 6 + Ay =2 ; ^ 4?y = - 4 ; y = - 1. 

the solution is a" = 2, y = - 1. 

Check : If a; = 2 and y = - 1 , 7a; - 6y = 14 -!- 6 = 20, as in (i). 


General Instructions 

(i) First decide whicii unknown it4s easier to eliminate. 

(ii) When one unknown has been found, obtain the other by 
substituting in the EASIEST equation you have, containing it. 

(iii) When checking, use that one of the ORIGINAL equations, 
which is not equivalent to the equation used for substitution. 

(iv) If the {».nswers involve awkward fractions or decimals, it is 
often better to look over your working again or solve by an inde- 
pendent ipethod, instead of checking by substitution. 

(v) Number the chief equations, and use the numbering to 
explain your method. 

EXERCISE IX. c 

Solve the following pairs of simultan^us equations and check 
. your answers. 

In each case, write down at the start which imknown can be 
eliminated the more eesily, ar whether it makes no difference. 


1. a +6 -11, 
a ~b -i:5. 

2. 

3y> +y.--ll, 
p+q=l. 

3. 

2u -v ~= 3, 
u+v=d, 

V 

4. r 4; 35 = 8, 

r - 25 =3. 

5. 

j; - 5y = 1 , 
cr + 4y=28. ^ 

6. 

2y-3z = 13, 
2y-4z = 10. 

7, c-3€Z=0, 

2c -d = 20. 

8. 

p^^+g. 

9. 

1 +2m ~8, 

21 + m = 7 . 

10. 35-^ = l, 

11. 

a - 26 = 3, 

12. 

y -2z = 6, 


bs+2t = 20. 3a+b = 72.^ 22:+y = l. 
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13. *-2^=27, '14. d = 3c-2. Ih. 2y = 6z + \, 

lx+y=2. c = \-2d. 2z = Z-2y. 

16. 2i+m = 10, 17. 6p-5g = 24, 18. 3a: +% +.11 =0, 

3Z--2m = l. 9jo-4g=22. 5a: + 6.Y + 7=0. * 

19. 3a-66=4, 20. 2(r-2«)=3«, 21. 2(x + 2) =6(j/ + 1). 

2(3-a)=3‘+a. 3s-2r = l. 2x-5y=4. 

22. P + l3<a~19, 23. 6ct-56 = 21, 24. 10c + 10d=7,-. 

P-lia=67. 6a+46 = 17i. 3(l-c = ^Jff- 

25. 4:X -2y=4y -5x=x+y-2. J26. 3p - 1 =1(^ +g = lip. 

27. 2y-.3s = 6</ + 5^ = 70. ■'’ 28 . 31 -8 =1 -2»n - 1 =40. 

29. 5a - .35 =7a - 65 =9. * 30. x -y =y -x + 2=3y. 

31. 2c - rf — 3 = 3rf — c + 4 =.5c — 8(/ — 4. ‘ 

32. 4x-6y - 3 =7a: +'2y -4=3// - 2x + 24. 

33. 2(0-1) -3(6 -3) = 12; 5(o - 1) +3(6 -3) =9. 

34. Find a pair of nurnbors satisfying lx - 2// = 38, and such that 

one is three times the other. J.s there more than one answer 7 

* 

— 45 

35. If y = " - and if x and y are equal numbers, find their 
values. 

36. If 2a + 36 = 9 and 3a + 26 = 16, find the value of 3a -#26. 

37. If 3;n- 4<7 = - 119 and 5p - 1 Ig- - 102, prove that p =q, 

38. If y -rnx + 6 is satisfied by x—2f y —3 and also by x = - 4. 
y — 1 , find the values of m and 6. 

39. If x—3, y^~2y satisfy simultaneously the* equAtions 

X +ay —5, bx + y — 7y find they values of a, 6. • 

40. If x^my+(% is satisfied whei/ x — 2, y —3 and also when 

x= -5, find the values of w, a. Find alsj the value of y 

when X = 9. 

[Note. For additional drill'CxampleSy see ExerHse E.P. 1 4, p. 249. ' 

Problems , 

Example 6. A certain number isf formed of two digits ; 
value equals four times the sum ^f its digits^ If 27 is added to it, 
the sum is^the number obtained by interchanging • the digits 1 
What is the number ? 

Lot X be the tens-dfgif^’and y the unit-digit. Then flae value 
of the number is lO.u +?/. 

I0x+y=z^{x+y) ; 

• lOx -l-y =4x -f-42/ 6X“3y=0; 

.•,,2x - y =0 


(i) 
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The value of the number formed by irfberchanging the digits 
is lOy H-ar. 

10a; + 2 / + 27 = l(h/+a;; /. 9a; -02/= -27; 

.\x-y=-3 (ii) 

From (i) and (ii) by subtracting, a; = 3. 

/. from (i), 6 - 2/=0 /. y = e, 

the original number is 36. 

Cheok by. usi^g the data of the problem : “ 

4 - (sum of digits) =4 x (3 + 6) =4 x 9 =,*^6 =the number. 

36 + 27 =63 =- number obtained by interchanging the digits, 

EXERCISE IX. d 

Solve the following problems by means of simultaneous equa- 
tions. 

1. Find a pair of numbers whos£^>8um is 39 and whose difference 

is 11. 

2. Fig. 149 shows the lengths of the sides of a triangle in 
inchesP If the triangle is equilateral, find its perimeter. 

3. 6 lb. of apples and 2 lb. of pears cost 4s. ; 1 lb. of apples 
and 2 lb. of pears cost 2s. Find the cost of 1 lb. of pears. 



4. A gramophone and 20 .’ecords cost £8. 10s. ; the same 
gramophone and 50 similar records cost £12. 6s. What does the 
gramophone cost by itself ? 

<t 5. A farmer can buy 3 c^'ws and 5 sheep for £90, or 4 cows and 
10 sheep for £140. What is the price of a cow and of a sheep ? 

6. Find ‘the length and breadth of the rectangle in Fig. 160, 
the units of the data being inches. 

^ * 

7. 2 knives and 4 forks cost £1. 4^. ; 5 knives and 6 ^orks 
cost £2. Find the price of a knife and of a fork. 

8 . The "external perimeter of the network in 

Fig. 161 is 20 in., and the total length of all the 

lines forming it is 3 ft. ; find the external length , .1“ 

Mid breadth. • 
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9. A builder requires 3 lorry loads and 8 cart loads to fetch 
16 tons of gravel. He would require 2 lorry loads and 20 cartloads 
for 21 tons. How much is a lorry load and 
a cartload ? 

10. In Fig. 152, ^BAC=2 aABC and 

4 ACB - L ABC = 36° ; find the angles of the 
triangle. . • 

• 

11. In Fig. 152, Z.BAC can be expressed 
either as (2x degrees or as (2i/-i-x) 
degrees. Find the angles of tiis triangle. 



12. I am thinking »Hf a pair of numbers. If I add 1 1 to the first, 
I obtain twice the second ; 'md if 1 add 20 to the second, I obtain 
twice the first. What are the numbers ? • 


13. A bench 18 ft. long holds either 3 men and 8 boys or 6 men 
and 4 boys. Wliat length of bench is required for 10 men and 
10 boys ? 


14. A piece of wire, 61 ft. long, can be bent into either of the 

* 



shapes in Fig. 163. the units of the data being inches, and all the 
comers right-angl^. Find^a: and ?/. ^ • 

15. If A gives B 3 shillings, B will^have twice as much as A ; if 

B gives Am 5 shillings, A will have twice as much as B. How much 
has each ? • 

16. The area of Fig. 154 is J sq. ft., and the perimeter is 4 ft. i 




3Jn 


3 in. 


-y in. 


“T” 

4 in. 


I'la. 154. 


find X and V' ^ , 

iV, Find a fraction* wfiich reduces to 5 if the numerator and 
denominat?)r are each increa.sed by 1 , and reduces to g the 
numerator and denomiAator are each diminished by 2. . 


A light rod is supported by loops attached to two spring 
baluices, and a heavy lojj^d W lb. is attached to the ,rod. sea 

* A _ 
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Fig. ]o5. If the readings on the spring balances are P lb., Q lb., 
it is known that P + Q =W and a . P = 6 . Q. 

(i) Find P and Q if W =20, a = 10, 6 =6. 

< (ii) Find P and W if Q = 9, a = 8, 6 = 12. 



Fio. ir»5. Fia ir)6. 


19. A skeleton cuboid, see Fig. 166, has a square base ABCD ; 
the wire composing tl.e cuboid is II ft. long, and of this, 7 ft. is 
used for the outside edges, t.e. all the rims. Find the dimensions 
of the cuboid. 

20. A number of two digits is equal io 7 times the sum of the 
digits und exceeds by 36 the number formed by interchanging 
the digits. What is the original number ? 

21. If the Isrger of two numbers is 
divided by tke smaller, the quotient and 
remainder ^fire each 2 ; if .5 times the 
smalLr is divided by the larger, the 
quotient 'and remainder are again eac^i 2. 

What are the numbers ? ^ 

22. In Fig. 157, AB=AC and 2 L ABC =},(ar 4 2?/) degrees; find 
X and y. 


D 



X 

Fio. 157 


23. A heap of florins and half-crowns is worth £2. If there 
were 3 times as many florins and half the number of half-crowns, 
it would be worth os. more. How matty coins of 
each kind are there ? 6 

# 24. If in Fig. 158, AC =AB <^BD, find one equation /\ 
connecting x and y. If further BC = CD, find x / \ 
and y, ♦ / o \ 

25. A man travels 12 miles in 2J hours ; part t^AC 

of the t^me he is driving at 9 miles an hour and \ 

the rest of it he is walking at 3J* rrAles an 
hour. How far did he drive and how tar did » ^ 

he Walk.? . .. . 


[Note. For additional easy problems ^ see Exercise E.P. 16, p.*fi60. 
For additional harder problemsy see Appendix^ Ex. S. 8, p. 294.] 
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Example 7. Solve t^o simultaneous equations 


^ -1 
3' - 
2x -y 
2 




.(i) 

# 

(ii) 


Multiply feacli side of (i) fcy 15, 


- a; - h i; = 15 X lo ; 

1‘0.t:-5-%~9w=22J; * • 

l(ir-9i/-36r ;....(iii) 

Multiply each side of (ii) 8y 6, ^ 

3(2a2-7/)-2(7/-l)=-4J^x6; 

6X’~5y~22l (iv) 

Multiply each side of (iii) by 3, and each side of (iv) by 5. 

From (iii), 30x-21y==?^d x3 = 109i ' (v) 

From (iv), 30x - 25?/ = 221 x 5 = 1T2|- (vi) 

From (v) and (vi), by subtraction, -2y — - 3 ; 


/. 2/ = lJ. 


Substitute in (iv) for 7/, - 5 x 1-J - 22J ; 

6a; =221 +7] =30 ; /. a;~5. » 

the solid ion is x = 5, y = 1 ^ 

The reader should now 'consider which of the equcitions, (i) 
or (ii), should be used for checking. , 

When JP or y have fracdional (or decimal) coeflicients, it is usually 
best t o start by clearing those terms of fractions ; tt is 7iot necessary 
to clear oj fractions the terms v'hich do not contaiu x or y. 


EXERCISE IX. e 

Solve the following pairs of simultenoous equations : 


1. x + % = V3, 

■■ y=2(z + \). 


2. ?-2^=6. 

fr 'f' I 

•5* o + r 


3" 5 
r_t 
9 10 


= 1 . 


3 

4 '3“^* 

2q -p = 2, 


c 2a; 1 

6. y 
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7. + 2v — 6f 

2 u-|= -SJ. 
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8. 2c +6d = 1 J, • 

9 c- 7 d=JS. 


9. Q + 2 = 


10 . 

12 . 

14. 

16. 

17. 

18. 

20 . 

22 . 

23. 

24. * 

25. 

26. 

27. 

28. 


»+l_Q y - 1 
2 ““ 3 ’ 

y + i_n jg-i 
2 ~T~ ‘ 


11 . 


y + ^ g- 1-5 
3 + 2 


2?/ -I- 5 


: + l 


4n-3=iv7 4-10). 


p=k+J- 

r s 

T0+8="-®' 


- - a - !♦ h { \ 
15. -2-1+ 

2r ■ - s , 

3 +2c=i. 


a + b 

“2 


41. 


J(R+2)-}(r-l) = l. r- l}R. 

3 - 82 : _ 7 % 

5 i 


y +J- _ ^ _ 1 

¥ 2 V 


l’2x - 0-8y=0 4, 

1 / =0-3 - O-la?. 

V25a-0-56=0-2r>, 
0-2a-f 016 = l-3. 


19. 0 - 0-7?’ =2, 

1 - 8 ^ - 2 - 2 r --8 8 . 

21. h + .5 2/i = 12 1. 
h + 3 - 8 y/ 10 . 


1(42/ + 52 -9) =^5^-52:, J(2^-«- 1)^21 -2z. 

3a+^6 = 8a + 76 - 9=2. 

*x 2a; v o o r ' ^ 

2 -*^= 5 -f = 3 x- 2 y- 5 . « 

J (5p + 2?) =p 4 9 = 2p + 3g + 1 . 

J(c - 3) +l(d - 7) =c -d =}(5c +d). 

r+s -8 = i(r-«)+J^r-| 4 - 2 )- 0 . 

-C- - =26 4 c + 1,, J (6 - 2) = I (c + 3). 



y-3 _g, 3 -a; 1 

4 4 5 ’ 


30. 2Z»‘4(m-3)=9, 3w + -2) =2fi. , 

I 

[Note, For additional equations, see Appendix, Ex. F. 


[CH. IX.] 

iP. 

IQ. 


i,p. 297. J 



CHAPTER X 


GRAPHS OF FUNCTIONS 

• . 

Example 1. Draw a graph ropresHiiting the squares of numbers 

from 0 to 5. " . a 

Make a table connoctiiig the value of any number x find its 
square, from 0 to#5. 


X 

0 

1 

2 

3 

4 


X® 

0 

1 

4 

9 

16 

25 


For the scale of numbers (\alues of x), let 1 inch represent 
2 units. ^ t 

For the scale of squares (values of a?®), let 1 inch represent 
10 units. 

Plot the points which rei)resent the values in the above table. 
The last two points are rather far a})art ; we therefore take 
additional values to make the drawing of the graph easier ; 


X 

3-5 

1 _ 

x® 

, 12-25 

20-25 


add thes^ to the liable, and plot the 'corresponding points. 

Now draw a smooth curve through the plott-jd points. This 
gives Fig. 159, .see p. 158. 

The graph may now be used to read off (approximately) squares 

of numbers between 0 arjd 5. Thus, to obtain the square of 2*6, 

take, on the axis across the page, the point corresponding to 

a: =2*6, and note the reading for the ’upright from this point to the 

curve, approximately 6*8, .’. 2*62 6-8. , 

Since this graph represents tlie relation between^ a number x 

and its squlire x^, it is called the graph of the function x®. 

Any expression, coutai^mg Xy whose value can be foJnd when 

the value a; is given, is called a function of x. Thus 7ic, fa; -6, 

2a; 1 ' * 

©tc., are all functions of x. The letfer y is 

generally lUed to represent the function of x. In Fig. 159 the 

* 157 ' * . , 
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graph of i.e. of is drawn for values ’of a: from 0 to 5 ; the 
axis across the pagCy along wliich values of x are measured, is called 
the x-axir ; the axis up the page, aXong which values of y (where 
y =x^) are measured, is called the y^axis. The point of intersection 
of the axes is called the origin and is usually O* 



Scale of^ Numbers; Values of x 
Fio. i:)0. * 


Oral Work on Fig. 159. 

(i) Read off from the graph the squ^iros of 3-8, 2-4, 4-4. 

(ii) Use the graydi to find approximately a value of x such 
that = 10. 

(iii) Read off the square roots of 23, 5, 14. 


Example 2, Draw the graph of y, whore y — x^ for values 
of x from - 4 to 4 4. 

Make a table of values. 



= I i6 I 9 ^ i ^ ^ ^ I ^ ^ 


Regard the .T-axis as a number-scale, points to the right of O 
representiixg positive numbers ; theh points to the left of O 



■4 -3 -2 -1 6 1 2 3 4 

160 . 

plot the ])oints which re])r('sciit the table of values, and draw 
the gra]>h. m-c Fig. 100, (slightly reduced). 

Example 3, A inarble is projected up a slojiing gr'^ove and 
moves so tliat it is jiassing now (zero hour, ~0) a marked point A, 
and t seconds later is feet up the groove 
from A, wdiere s - 20/. - 5/2. Draw a gra]di 
showing the ])osit-ion of t,he,niMible from 2 
seconds ago (/ — -2) to G seconds ahead 
(« = + 6). .• ’ 

III making a table of values, )>roceed as follovt^s : Write dovm 
the whole of a row, before beginning rhe next rpw. 

First w’rite down the row of selected values of /, then the row of 
values of 20/. Before writing dowm the row of values of -5/2, 
put down the row of values of Z® above the table to help you to 
find - 5/2. 

1 

- 1 

-20 
- 5 

-25 


/2 4 

— # 



20r-5/2 -*60 


1 

4 

V— 

9 

16 

>25 

36 

> 1 

2 

3 

4 

5 . 

6 

20 

40 

60 

80 

100 

120 

-5 

^0 

-45 

-80 

- 125, 

-180 

15 

20 

15 

0 1 

-25 1 

1 1 

-60 



Fig. 161 . 
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Since 20^ =6f(4 the table of values can be made by 
the following alternative method : 


r 

-2 

-1 

0 

1 



D 


6 

5t 

-10 

-5 

0 

5 

10 

15 

20 i 

25 

30 

4~t 

6 

5 

4 

3 ! 

1 

2 

1 

0 

-1 

-2 

5/(4-/) 

-60 

-25 

0 

15 

20 

15 

0 

-25 

-60 


As blefore? points to the right of the origin on the ^axis represent 
positive numbers, those to the left of ij, negative numbers. 
Similarly on the s-axis, points above 4 .the origin represent positive 
numbers, and points below the origin, negative numbers. 

We choose scales as follows : for the i-axis, 1 inch rej^resents 
2 seconds ; for the 5 -axis, 1 inch represents 40 foot. 


Graph of s, where s = 20t-5t® 
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Plotting the values of 5 or 20/ - 5t^ against the values of t, we 
obtain Fig. 162. 


EXERCISE X 4 a 

Use Fig. 162 to answer the following questions ; 

1. What is the value of 5 i/hen t =--3 - 8 , 4-4, - 0-6 ? 

2. How far above or below A is the marble wheiji / = 0-67 4 8 , 
- 1*4, 3*6, 2*6, 1*4, - 1*8 ? What do these values of / mean 7 
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3. What is the highest point the marble reaches and at what 
time ? 

4. What can you say about the value of ^ if 5 = 8, - 12, 36 ? 

6. When is the marble at P, see Fig. 161, if AP iS (i) 4 feetj 
(ii) 14 feet, (hi) 20 feet ? 

6. When is the marble at Q, see Fig. 161, if AQ is (i) 16*feet, 

(ii) 32 feet, (hi) 52 feet, (iv) 60 feet ? • 

7. At what time does the marh3e pass A, comiflg dpwn % . 

8. (i) For what violues of t is 20^ - 5^^ equal to 14 ? • 

(ii) Solve the equation 20/ - 5/^ = 10. 

9. Solve the equations : (i) 20/ “5/^=4 ; (ii) 20/ - 5/® = - 14 ; 
(hi) 20/ -5/2= -40; (iv) 5/2-20/4-8=0. 

10. Is thero a value of / for which 20/ - 5/2 =25 ? What is the 

connection between your answer and the movement of the 
marble ? , 

11. If, in Fig. 161, AQ is 60 feet, how long is it between the times 
when the marble passes Q. going up and poming down ? 

12. For what values of / is s positiv^e ? For what values of i 
is 8 greater tlian - 20 ? 

13. How far does the marble move between the times, /=0-6 
and / = 1 ? What is its average velocity in this iutefi-val ? 

14. Interj)ret fact that the graph is (i) steeper at /== -2 
than at / = 1 ; (ii) flat at / =2, 


EXERCISE X. b ^ 

1. A stone projected vertically upwards with velocity 40 ft. 
per sec. is s feet above its starting point af^r t seconds where 
« = 8/(6-2/). 

Refirosent this function by a graph for values of / from 0 to 3. 

For scales, along the /-axis let 1 inch represent ^ unit ; aloixg 
the s-axis let 1 inch represent 10 uni^s. Start by making a tab^p 
of values for / =0, 4, 1, H, etc. After plotting these values, you 
will see that the graph can be (5rawn rnore'accurately if you add 
to the tablpj,/ = IJ, 2J, and two other values. 

Use your grajdi to answer the following questions : 

•(i) What is s whey /^0*8, 1*9, 2-6 ? 

(ii) Fog what values of / is 5 = 11, 20, 22 ? 

(iii) What is the grfjatest height the stone reaches* and "after 

what time ? 

ti/) Hojv long is the stone in the air ? 

(v) At what times is the stone 15 feet above the ground ? 

a>s.a. . h 
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{vi) For how long is the stone more i^an 12 feet above the 
ground ? 

(vii) Wliat meaning can you give to the part of the graph for 
, • which t >2-5 ? 

(viii) For what values of t is 8^(5 -2t) equal to 5 ? Solve the 
equation 40^ - 16f^ =1, 

(ix) Solve the equations : (a) St{5 - 2t) -~21 ; *(6) 40i - 16f® = 15. 

(x) Find one value of t for which H^(5 - 2t) = 15c 

(xi) Is there a value of t for which 8^(5 - 20 — 27 ? 

jixii) How far does the stone go between th^r times t—^ and 
tt~l 't What is its /ivorage velocity in this interval ? 
The curve is steeper at t = ^ than at f = 1, what does this 
® mean ? •’ 

2. Draw the graph of ?/, where — (.r + 1 ) (.c - 2) for values 
of X from - 3 to + 4. Use it to answer th(‘ following : 

(i) Wliat is y when x —2-4, 1*6, -2-6 ? 

(ii) For what values of x is y =G, -15? 

(hi) Wliat is the least value of (re + l)(x - 2) ? For what value 
of X is it least ? » 

(iv) For what values of re is (rc + l)(rc -2) equal to 8 ? Solve 

the equation (x + l){x - 2) = 5. 

(v) Solve the equations, (a) {x -h l)(rr - 2) = 3 ; 

(h) {xfl){x-2)= -1. 

(vi) Ts there a value of x for which (rr + l)(rr - 2) = - 3 ? 

(vii) For what values of x is (x + l)(rr - 2) loss than 7 ? 

3. The inanager of a shop finds that the profits per week 
dgiepd on^how he divides his time betwee^a^io shop and the 
office. If he spends n hour.s per c^iy in the shop, the weekly 
profits £p are given by the relation, p — 1 1 + 24?t - 3??®. 

Represent 11 + 24n - by a graph for valutas of n fipra 0 to 8, 
and use it to aq?wer the following : 

(i) Is it more profitable for the manager to be in the shop 

21 hours^or hours ? 2\ hours or 6 hours ? 

(ii) Wliat is the most profitable length of time for him to be 

in the shoyi ? 

' (iii) Wliat is the profit if he stays in the sho]) \\ hours, 5 J hours 7 
' (iv) How long is he in tho shop if the profit is £20, £40, £50 ? 

(v) Solve the eqiui^tion, 11 +24n-3n^ = 3G. 

(vi) W^hat is the greatest valuh of 247i - ? 

4. Draw the graph of y, where y = x^ for values of x from 
0 to 5. • . 

Read off from the graph (i) the cubes of 2 3, 3 8, 4 -1 ; (ii) the 
cubrf roots of 20, 3G, 74. , 

For what range of values of x is x^ less than 50 ? Find a few 
values of x^ when x is negative, then diaw freehand ov plain jlaper 
a rough sJ^etch of the graph of y =x^ between x = -5 and a? = + 5. 
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5. Draw the graph of where y — - for values of x from 

0-2 to 10. ® 

Find from the graph the reciprocals of 1*3, 4-8, 6-?. ' ^ 

j^The reciprocal of a number N is J • 

Calculate*thfe value of y when a: =0*1, when a; =0 01, when 
rr =0*001. How does the graph behave when x approaches’ 0 \ 
C’alculate the value of y when a; = 50 and when a: =500. How 
does the gi'aph behave when x is large and positive ? • • ■ 

• 1 • • 

Find a few values c£ - when x is negative, then draw freehand 

on plain paper a rough sketch of the graph of y =~ frona x = - 10 
to a: = - 0*2 and from a; =0*2 to a; = 10. ^ 

6. A leaden sheet, 30 inches wide is bent to form an open 
gutter of rectangular section, see Fig. 163. 



f { 

-e- ' — 6 in. > 

• 



Fio. ir>n. ^ 

If the area of the cross-section is A sq. in., when the width of 
the gutter is h in., express A as a function of 6. 

Represent the relation between A and b by a graph, for values 
of b from 3 to 27 ; hence answer the following : ^ 

(i) \Vliat is the maximuryi area of the cross-section ? , * 

(ii) For what values <>f b is the area of the cross-section 

^00 sq. ii#., 100 sq. in. ? 

(iii) For what values of b is the area of the crosg-soction greater 

than 80 sq. in. ? 

(iv) Solve the equations, (a) i.r(30 - a?) =60 ^ (5) rr(30 -x) = 190, 

7. The length of a degree of longitude in latitude x° is y miles, 
x^ 

where approximately. Draw the graph of tliis 

function for values of .r from 0 to (R). What is the length of 
degree of longitude througli London (latitude 51 and through 
Rome (latitude 42"") ? In what latitude is a degree ,of longitude 
63 miles loflg ? 

• • 

S'. Draw the graphs of y, where y — (x -v ^){2 - x) for values 
of x from ^'5 to -|-4, 

What IS the greatest value of (x^3)(2 - a;) ? • ^ • 

Solve the eqiiations : 

(i) {x +l^){2 -x) "5 ; (ii) (a; -I- 3)(2 -a;) =2 ; 

(iii) (a: -f 3)(2 -x) = - 10 ; (iv) (x -{-3){2 -x) ^ 

I • • 
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9. Draw the graph of y, where y = 4a;® + Oa; ~ 7 for values 
of .r from ~ 3 to -t- 2. 


(i) Has it a greatest or a least value ? How much is it ? 

(ii) P^or what values of :r is 4a;® + 6a; - 7 less than 5 ? 

(iii) For what values of x is 4a;® + 6a; - 7 equal to - 5 ? 

(iv) Solve the equation, 4a;® + 6a; - 7 = 0. • 

10. From a sheet of cardboard, see Fig. 164,'ecftial squares, 
side X inches, are cut away at each comer. A box is then formed 

< '^20in. > 

t 

16 in. 



by folding along the dotted lines. ^Express the volume, V cu. in., 
of the box as a function of a*, and represent the relation between 
V and X graphically for velues of x from 0 to 8. 

For, what value of x is the volume of the box greatest ? 


Functions of the First Degree 

The gra^h of y, where y 3x 2. C'onsitlor tlu* following table 
of VI J IK'S : 


X 

-2 

1 - 1 

0 

1 

o 

" # 

3 

4 

3.r - 2 

-8 

-5 

-2 

1 

! 

4 

7 

10 


We have selected values of x which increase by 1, and we find 
that the corresponding values of 3a; - 2 increase by equal amounts, 
namely 3. This means that the graph has the same slope throughovi 
and must therefore be a straight line. It corresponds to the fact 
that if you slide down a straight staircase on a tea-tray, and if 
all the stops have the same width and the same height, you will 
move in a straight line. * ^ 

The values in the table are plotted in Fig. 1 65 ; they lie on the 
straight lihe AB. 

The same argument applies to every first-degree function of x i 
since its graph is a straight line, it is called a linear function of x. 
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Thus, any funQtion ©f the form bx + c, where 6, c are constants, 
ifl called a linear function of a?, and its graph can be drawn by 



joins them ; it is, however, advisable to plot a third point as a 
check. 

Example 4. Find from the graph the value of x iof whicii the 
functions 6 ~2x and 3x -2 are equal. • 


• 

X 

-2 

0 

2 

4 

• 

5 - 2x 

9 

5 

1 

-3 

• 


We have selected values of x which increase by 2, and we find 
that the corres})ondiiig N'alues of 5 - 2x decrease by equal amounts, 
namely 4. This means that the grapJ^has tfte same slope throughoist 
{here a downward slope) and rnus^therefore b» a straight line. 

The graph is the straight lino CD in Fig. 165. • 

From the figure, we see that the two functions have the same 
valu3 when a? — 1 -4, ari^ tfcjs value is 2 •2. * 

Check : • . # • 

^Whena; = l-4, 5 -2 j:= 6 -2-8=2-2 ; ftc -2=4-2 -2=2*2. 

Or, solve 5 - 2x = 3a: - 2. . 
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* r 

Coordinates. The position of a point in a pjone is described 
most easily as follows : 

If Ox^Py are two perpendicular lines (see Fig. 165) called the 
tt-axis and the ^/-axis, the position of the point A is lixed by saying 
that if we start from O and move 4 units aj-wards and 10 units 
t/-wards, we arrive at A ; we call 4 the x-coordinate of ^ and 10 the 
y-coordinate of A, and we speak of A as the point (4, 10). The 
x-coordinate is ?*lways named first. Similarly, td arrive at C, we 
start from 0 and move ( -2) units a;-wards and then ( +9) imits 
y- wards ; C is the point ( - 2, 9^. Sinixlarly B is the point 
( - 2, - 8) and D is the point (4, - 3). 

Graphs and Equations. The graph of the function, ?/ — 3.r-2, 
was obtained, see Fig. 165, by plotting the points ( -2, -8), 
( -1, -5), (0, -2), (1, 1). (2, 4), (3, 7), (4, 10) and drawing the 
straight line AB whicl;> passed through them. Wo call 2 / — 3.r -2 
the equation of this straight line, because each ])air of values of x 
and y which satisfy the equation, y — 3x - 2, are the coordinates 
of a point on the lin<3 AB. 

Similarly, y — 5 -2.t’ is the equation of the line CD in Fig. 165. 
The coordinates of the point of intersection P of ttie lines AB and 
CD therefore^ satisfy both equations, y--3x-2 and y--5-2x, 
Henc^ if wt read off from the gra])h the coordinates of P, a: — 1 -4, 
2 / =2 -2, i/e obtain the solution of <iio simultaneous equations, 
y = 2x - 2 ; 2 / — 5 - 2x. For another example, v^o p. 238, fig. 195. 

The equation, of the curve in Fig. 160 is i/ and the equation 
of the curve in Fig. 162 is y^20x ; those curves are called 

parabolas. Any function of the second degree in x is of the form, 
ax^ + bx + c, and is called a quadratic function of x ; and the 
glaph of y—ax- + hx -i-c is shaped as in Fig. 160 or Fig. 162. 

, EXERCISE X. c 

1. Draw the graphs of y, where y~2x + 2 -2x, 

from x^ -2 to x - -h 3. 

For what value of x are the functioil:^ 2x -f 3 and 9 - 2x equ^^tl ? 

Solve the simultaneous equations y — 2 jL + 2 ; 7/=r9 - 3x. 

2, (i) TJie values of 5x -1 are calculated for values of x in- 
creasing by 3, e.g. x = ], 4, 7, 10, etc. ; how do the corresponding 
values of 5a: - 7 change ? H ow is this shown in the graph of 6a? • 7 ? 

(ii) Answer the same question for the function li -5a?. 
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3. Draw on tlie same figure the graphs of y, where 

(i) y = 2xi (ii) y-3x; (iii) y=^ix; (iv) y~ -2x. 

What do you notice about all of them ? , 

What- can you say about the graph of y — hx, where 6 is 4^ 
constant ? 

What also, if ft^is jiositivo? if h is negative? 

4. Draw* on the same figure the graphs of y^ where \ 

(i) t/=2a: + 5 ;^(ii) + (iii) i/ = 4a;+6; (iv) y=-2x + b\ 

What do you notice about all oj thorn ? • , . 

What can you say about the g^-aph of y =6^; +5, where, 6 is a 
constant ? | * 

What also, if h is positive 3 if 6 is negative ? 

Solve graphically the following simultaneous equations, and 
compare by solving algebraically. 

5. y—2x-\t 6. y — 5x + 4, 7. y = -2), 

y=Q-2x. y=2x-\-9. i/=J(3-a;). 


8 . y=^x, 

7/ = 7 - 2x. 


9. y^i(3-5.r), • 10. y=i{2x + e) 


X „ 

+ 3. 


y= -i(a; + 6). 


11. (i) If 3;r + 27/ = 6, prove that y = 3 - ^ 

(ii) If 47/ - 4iF =7, express y in terms of x ; 

(iii) Solve grapliically the simultaneous equations, 

3a: + 2?y = 6 ; 4?/ - 4x- = 7. • 

Solve p^-aphically the following simultaneous eejuations, and 
compare by solving *algebraically. , 

12. 2^-.t= 4, 13. x+2//=5, 14. 3a; =57/, 

a:4«2y=3. • 2r-3y=6. 


15. Draw the graph of 7/, where y~x^-2x from a:= -2 to 
a: = 5. With the same scale and axes, draw the graph of 7/, where 
7/=J.r. 

Solve grapliically the simultaneous equations, 

y -- .r“ - .3x, 7,^= • 

16. Draw the graph of //, jrhere 7 /-/ 0 X® from x=-2 to 
X ~2. With the same scale and axes, draw the graph of y, where 
3/=r^(4a; + 7). 

For what values of x arc these functions equal? What equa- 
tion^ X can be solved*in this way? 

17. The freezing point of water is 0° C. and 32° F. > its bdlling 
point is 100° C. and 212° F. Why is the graph for converting 
d(>giees Centigrade to degrees Fahrenheit a straight line? Draw 
the graph for temperatures from - 40° C. to 100° C. 

• mm 
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From the graph, (i) express in Fahrenheit, 35° C, 60° C., 
73° C., - 10° C., -30° C. ; (ii) express in Centigrade, 98° F., 
150° F., 180° F., 5° F. 

^ What rs the increase in degrees Fahrenheit if the temperature 
rises 10° C..? if the temperature rises x° C. ? 

If F° Fahrenheit is the same temperature as C° Centigrade, 
express F as a function of C. 

* 

♦ 18. The marks obtained in an examination run from 23 to 87 ; 
draw a i*eady-reokoner graph for converting thtm so as to run 
from 0 to 100. '“Why is the graph a straight line ? 

Find from the gra])h (i) the scaled mark, if the original mark 
is 36, 50, 72 ; (ii) the original mark, if the scaled mark is 10, 44, 91 ; 
(iii) the mark which is michanged by the conversion. 

If the original mark is x and the scaled mark is y, express y as 
a function of x. 

A boy, who does the paper late, obtains only 1 0 marks ; how 
can you use the graph to find the corresponding scaled mark ? 
Check from the equation between y and x, 

19. Draw a graph which converts speeds given in miles per hour 
into feet per second, for s]>oods up to 60 miles an hour ; 60 miles 
an hour = 88 feet jier second. 

Froin the graph, (i) express in ft. per sec., 12, 26, 48, 53 m.p.h. 

(ii) exjiress in m.]>.h., 20, 31, 50, 67 ft. per sec. 
If X miles per hour is equivalent to y feet per second, express 
1 / as a function of x, 

20*. For a certain journey the charge for 'W lb. of luggage is 
/W \ • 

P pence where P=2( -^^ -12j. Draw a graph showing the scale 

of charges for weights from 75 lb. to 150 lb. « 

From the grifjih, find (i) the charge for ilO lb. ; (ii) the weight 
for which the charge is half-a-crown. 

How can you use the graph to find what luggage is allowed 
free ? How much is it ? , 

21. A man’s rate of pay is as follows : ordinary time. Is. 6d. an 
Lour ; overtime 2s. an htair. The ordinary working day is 
7 hours. If he recei^^^es P shillings for working t hours one day, 
express P as a function of t (i) if V<7, (ii) if ^ > 7. 

Represent graphically the wages for one day’s work, for values 
of t froi^^ 0 to 10. W^hat is the meaning of the change of slope ? 
How long do(*s he work if he receives 14‘s. ^or one day’s work ? 

[For additional examples, see Appendix^ Ex, S. 10, p„ 298.] 
Graphical methods of solving equations are discussed in greater 
detail in CK XII and XV, 
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Constants in Formulae 
Hooke's Law. If a sjDiral spring is suspended from one end, 
and if various loads are attached in turn to the 
other end, experimeui s})ows that the extension 
ia proportional to the lawt, unless the load is so 
heavy that the spring hocomes injured. This 
is the principle of tlie spring-balance. 

Let the natural length be a era., and suppose * 
that the length increases by 6 cm .'for each 1 gm. 
weight attached, then the dotal length, I cm., of the spring when 
the load is w gm. is (a + bw) cm. 

l=bw+a. 



« rnwgrr^ 
Fig. ,100 


Here 6, a are constants in the formula for I in terms of w, 
because their values remain the same when the load is changed. 
They do not of course renuiin the same for different s[>ring3, 
since a depends on the nat ural length and h on the elasticity of 
the spring. ^ 

Example 5. Show that tb(^ following observations lor a spiral 
spring obey the law, l—hw-\a, where a, b are constants, and find 
their values. * 


Load in gm., w • , ' 

100 

200 

400 

,50d 

\_ 

Total lengtlwn ern,, / 

.^)2 6 

r>:b4 

5r)0 

55-8 


By plotting these obser\ utioiis, we obtain the* 4 ])oints marked 
in Fig. 167, and we see that these points li'i on a straight line i 
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I is a linear function of w, that is, I =bw+ a where o and b are 
constants. 

The values of a, b can be obtained cither from the graph or by 
calculation, . 

(i) From the graph. The line crosses the Z-axis where Z = 61-8, 
/. Z = 51*8 when =0 ; a = 51 -8. 

Also the slope of the graph is upwards and is such that I increases 
by 0*8 when w increases by 100 ; I increase's by 0*008 for 
each mait increase in w; ; /. b =0*008. 

(ii) By calculatioti. From th6 table of values, when ttr=100, 

< = 62-6 • 52-6 = 1006 + 0. , ^ 

Also when tc = 500, Z = 55*8 ; /. 65*8 = 5006+ a. 

Thus a, 6 are found by solving the simultaneous equations. 

1 006 + a = 52 *6 ; 5006 + a = 55 • 8. 

These lead to the same values as before. 

Hence the law for this spiral spring is 
l=0 008w+51*8. 

EXERCISE X. d 

Solve ^-Numbers 1-5 graphically and by calculation, 

1. The stretched length Z in. of a spiral spring supporting a 
Eoad of w ounces is observed to bo as follows : 




Load in pz., w 

- 

8 

12 

24 

30 

Length in in., Z 

- 

22-4 

2€*6 

27-2 1 

29*0 


Show that these observations obey the law/ Z =a +6t'', where 
a, b are constants and find their values. What is the natural 
length of the S[)iing ? What load will stretch it to a length of 
26*3 inches ? 

2. Water runs out of a tank so that qiter t minutes there are 
i; gallons left in the tank, whore g =a — 6Z, a and 6 being constants. 
After 5 minutes and 8 minutes, the number of gallons left is 
7Gd and 520, respectively. l#iind the values of a, 6. How much 
water was in the tank at the beginning ? How long does the 
tank take to empty ? ® 


3. The following results were obtained with a screW-jack : 


« 

Load in lb., W • 

10 

w 1 

30 

50 

75 

Effor^’in lb.,' P • - | 

1 3 3 

4 6 , 

bl 

8*1 

11 1 


Show that these observations obey the law, P=6W whore . 
c are eonotanob. Find the values of 6, c. 
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4. If a man’s^income is\a:, for 160 <a; <400, he pays a tax of 
£T, given by T —bx +<*, where ft, c are constants. On incomes of 
£300, £360, the tax is £22. 10s., £30 respectively ; find the tax 
paid on an income of £200. Find also the values of ft, c\ ' 

5. After n years’ service, a man’s salary, £S a yeur, is given 
by S — a +fta, where a, ft are constants. After 4 years it is £200 
a year, and after 12 years it is £320 a year. Find his salary after 
6 yeais’ sdl'\’icc, also his salary for the first year. Find the 
values of a, ft. 

n 

Sohe Numbers 6-10 by calculation only, * , • 

6 . If a polygon has n sides, the sum of its angles is ^+bn) 
right angles where af ft are constants. What is the siW of the 
angles of a figure wdth (i) 3 Sides, (ii) 4 sides ? Hence ^jnd a, ft. 

7. If C” C'entigrade as the same temperature as F*’ Fahrenheit, 
C ~a . F -t- 6 , wdiore a, ft are constants. Also O'" Cciitigrailo —32® 
Fahrenheit, and HKFC. — 212 ’ Fahrenheit. Hence find the 
vahuis of a, ft and expr(\ss 0 Fahrenheit in (.Vntigrade, and 200® 
Centigrade as Fahrenheit. 

8 . Marks \vhich run from 26 to 71 are to bo scaled so as to 
run from 0 to 100 ; an original mark becomes a scaled mark N, 
where N — p- 1-7 . and q are constants. Find the values of 
p, q. Find also (i) tiie scaled mark corrt'sponding to an jiriginal 
mark of (53 ; ( 11 ) the mark which is unaltered by scaliT»rT. 

9. If a ])olygon has n sides, it has (bn+or) diagonals where 

ft, c are constants. How many diagonals has (i) a ^juadri lateral, 
(ii) a triangle ? Use those answers to find the values of ft, c. 
Test tiio formula b^i considi'rmg a 5-sided figure. * ^ 

10. A framework is formed by rods jointed together at their 
ends. In order t^iat the fiamcwork may be “ just rigid ” (not 
orer-slifff, the number of jointly, and the number of rods r, must 
be connected by the formula., r--a-\-bj wli(*re a,*b are constants. 
If -. 4 , r—b, and if ji' - 5, lla'ii r - 7. Wiiat do those statements 
mean, and can you see why they are true ?* Use them to find 
the values of «, ft. How many rods are required to make a 
framework just rigid, if there are 10 joints ? 

How many riioasurements must be made to copy accurately^ a 
polygon with^' corners ? * • 

[For a revision exercise on (ffi, i-X, see Appendix, Ex. E. 5, 

p. 266.] * 
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PRODUCTS, QUOTIENTS, AND ^ACTORS 

Single Term Factors 

If there is a factor common to each term of arf expression, use 
ihort (jivision to factorise the expression. 

Example 1. Factorise - ]2a:c4^3a. 

' 3a ) (ia^ - 1 2a.f + 3a 

2a - 4 j7 +1 

Ga® - 1 2ax’ + 3a = 3a( 2a - 4x + D, 


Example 2. Sim])lL^y 


Ga^ - 1 2ax + 3a 
2a - 4:X +•! ~ ■ 


Tlie expression = = 3a . 

Example 3. Simplify 

rp, 4x2(,'r + 3//) 

The expression — „ — i,- ( . 

^ , G.ri/(x-3//) 

Divide, numerator and denominatoy by 2x 


the expression — 


2x(xj- 3y) 
3y(x-3y)‘ 


Note. Leave the answer in factors^ whenever possible. 


EXERCISE XI. a 

•Simjdify the following : 

* 1. (Gc + 3r/) —3. 2. + 4^) -=r2t. 3. (?/2 -\-y) -^y, 

4. (Sa^ - 10a) H-2a. 5. (nr+r)-^r. 6. 

7. {x^y ~xy^) ^xy. 8. (n* -n*') 9. (9a^ - kt®) -f-3a*. 

Exprc'S*.., where possible, the followiifg in factors ; if ihere^ are 
no factors, say so. 

10.* 6a + 1.06. 

13. xy -\-xz. 

16. IQra + lOr. 


11. Gc-9. 
14. -2q. 

17. 2+25*. 
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12 . 4/1 + 4 . 

15. 6c2-4cd. 
18. 62c -26c*. 
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19. at +o. 

22 . 

25. 9pq -21rfi. 

28. ap +aq +ar, 

31. 3r®--r(r+«). 

34. a{r ■^’*s)%b{r ~\-8). 
36. (/)+g)2+a(p+7). 
38. r(r + fi) +s(s -f>). 


20. ab + h. 

23. +y^. 

26. -ax^. 

29. x^ - Sx^ - 3x, 
32. a® +a6 +6^. 

35. c(a; + ?/) 
37. a{b +c) 
39. (2/-2;)2 


21. cS-3. 

24. a:®?/ + 2/*a:. 

27. 

30. ax +ay +xy, 
33. c® +crf +c. 
-d{x~y). 
~c{a+b). 


17? 


Simplify, where possible^ the “following expressions ; if there 
s no simpler form, say so. ^ 


40. 

2 a + 26 
~ 2 c ~ • 

41. 2'’_+2»_ 

• ‘ r+s 

42. 

x^ - xy 
~2 x~ * 

43. 

ah 

. - c +d- 

d ■ 

45. 

-cd 

46. 

.3.r - 3.y 

X - y 


' 48. 

4p +67 
6 "“’ 

49. 

at - bt 
ar - hr * 

■ 

51. 

4s» 

6A'‘-r4s* 

52. 

cx +c 

c 

53. - 'L 

ay - by 

54. 

c+d * 
cz -f dz ’ 

55. 

X - y 

X -f y * 

56. 

57. 

i 2 +r 

58. 

a“ + a 

at + 6 ' 

* 59. 

ir+a-y 

60. 

+c 

61. 

P^g-PT 

pqr 

'• 62. 

6 - be 

63. 

0 

_ ^iL_ . 

xyz + z ’ 


Kelation between x - y and y - x 

Statements such as 4 6 - 6 + 4, 2 + 7 = 7 + 2, 8 + 6 = 5 + 8, eto., 

ire all included in the single formula, x -\-y =y -]-x. 

Since 6-4-2 and 4 - 6 - -2, ^6 - 4) = - (4 - 6). 

Similarly 2-7 — - (7-2), 8 ^5= - (5-8), etc. ; and ail these 
itatement^are included in the single formula, 

. ^ #^-y= -(y-x). 

I’his equality follows from the ordinary rules for removing 

Jrackets, -(y -x)= -f + x=x -y^; * 

T — 1 ) X —y 
rom sh(frt division, • 

-*+w . ' 


« * 
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Quotient, b - 


(oh. 


Example 4. Divide 2a® - 2ah by - 2a 
- 2 a ) 2 a® - 2 a 6 


-a +6 


Example 5, Simplify • 


5r ~ 5s _5(r - 8) _ - 5 ( 5 -r) 
65 - 6 r 6 ( 5 -r) 6 ( 5 -r) 


5 


EXERCISE XI. b ( 

1. If c. ~7, 6 — -4, write down the values of ; 
(i) a-b; (ii) b-a ; (iii) (a - 6 )® 

(v) (o - b)(b -a) ; (vi) ; (vii) : 


(iv) (b-a)*; 
(viii) (6 - a)®. 


2 . If a + 6 = 9, a - 5 — 5, write down the values of : 
(i) b+a; (ii) b~a; (iii) {b--a)^; (iv) 


1 


3. If X - y — 4, write down, where possible, the numerical 
values nf : 

1 


(ii) 


y * 


(i) y-^\ 

(iv) 3i, - 3a: ; ( v) 1 - .r - ?y ; 

4^ If r -* 5 — 5, find i he values of : 

/X 2 1 

(1) 1 ; 

r -s 8 -r 


(iii) {y-x){x-y)i 
(vi) 2-x+y, 


..... 4 1 


..... r -s 

(ill) . ; 

' ' s - r 


1 - +5 

1 -T: 


- 6 * +r 


Simplify the following : 

5. a+(y-x). 6. a -(a;-?;). 

" 8. (p+q)(q+p). 9. (p-q){q-p)- 


7. a-(y-x). 

10. (p -q)*Hq-p)- 


' 11. --A. 

- -y 

12 , 

2i^-b) 

b-a 

13. 

4(6 +a) 
6{a-b)' 

14. . 

15. 

(y~z)*‘ 

16. 

(c +d){c -d) 

2d -2c' 

(z-y)*' 

{d +c)(S -c) 


If r - s=a and y - z=b, write down, VoAjre possible, in tenSiis of 
a, 6 /■-he following : ♦ 

17. l4-5-r. 18. \-y-z, ' 19. (s-r){z-y). 

20. r®-5*. 21. (r +?/)'- ( 5 +z). 22. (r + 2 ) - (?/ +«).* 

23. (Sf 24. r® + 5 *. 25. (5 +r)(z +y). 
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Products 


Geometrical Illustrations. Fig. 168 roproaonts a rectangle, 
(a + 6) inches long, (c+rf) inches wide, 

divided into 4 coinjmrtmeiits. The area 

of the rectangio is (a + h){c -f d) sq. inches, . 

c ac b<f*, c 

and the areas of the compartments are 

shown in the fi^ire. » TH d 

.*. .(a +b)(c -f d) =ac + ad +bc +bd. n t) 

Thus (3 + 5) (4 +1) = 8 xa3 = 48 


b 


ac 

hC\ 

ad i 



FIG. 168." 


and 3x4-f3x2+5 x 4 +5 x 2 ^12 +6 + 20 + 10=48 ; 


now draw the figure which illustrates this equality ; see also 
Ch. VI, p. 87. 


EXEkCISE XI. c ' 


1. \Vhat relation is illustrated by Fig. 169 ? 

2. Illustrate by a rough figure tliat (2a)®=4a*. 

3. WJiat relation is illustrated by Fig. 170 ? 

a h 


X i 


^ • 


2 


FlO. 1C9. 


a® 

ah* 

t 

ab 

b' 

0 


Fig. 170. 


4. By drawing a rough figure, find the expanded value- of 

{y + 7)(?/ +4). • , 

5. What are the areas of the v arious conipartments in Fig. 171? 




What relation does this figure illustrate ? ^ * 


X y s 

a • 

• * 

b 

» 

Fw. 171. 
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6. Draw a rough figure whose area represente (a + 6 + c)®, and 
use it to expand this expression. 

, 7. Fig. 172' shows a square of side a inches, from, which a 


h a-b 



Fig 172. 


square of side b inches has been removed. Use tliis figure to 
express a- - 6^ as a product. 


Products by Inspection 

(a 4-b)(c +d) =a(c +d) +b{c +d) =ac -\-ad + bc +bd, as before. 

To rmltiphj (a +6) by (c+d), we multiply each of the terms in 
(a-\-h) by each of the tenris in (c+d) and then add the separate 
products. 

Example^. Expand {p -g)(r -s). 

(p “ q)(r ~ s) =p(r -s) - q(r - s) =pr - ps - qr -i- qs. 

The middle step should be performed mentally ; say tc yourself, 
p . r + p( -s) -q\ r -q{ -s) and write down merely, 

« pr -ps -qr -\-qb, 

< Example 7. Expand (3a; - 2)(4a; + 1). 

(3a; - 2)(4a; + 1) = 12x^ 4 3a; - 8a; - 2 = 12x2 - 5x - 2. 

After a little practice, the middle step should he performed 
mentally. I'lie insertion of links, as shown below, holps mental 
calculation. 

^ ^ f 

(3a;-2)(4a; + l). 

For longer expressions, the working may be arr, Ringed ac in 
^ithmeti(*'. 
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llxample 8. Multiply - 5a? - 3 by 3a: + 7. 

2.c2- 5a; - 3 

3a; -h 7 ^ ' 

6a;3 -150,2- 9x 

14a’2-35a;-21 
6x3- " 

But even in s;hch cases as this, it is useful to practise collecting 
coefficients of like terms mentally. * 

£XERCISE XI. d 

Expand the following expressions : 


1. 

(a + &)(a; 4 1 /). 

2. 

(a+b)(x-y). 

S. (a-b)(x + y). 

4. 

{a-b)[x-y). 

5. 

(a.+b)(a-c). . 

6. (b~x)(b+y). 

7. 

{c-z)(d-z). 

8. 

(p -r){q+r). 

9. (r4«)(A'4/). 

10. 

(a \ z)ib +-3). 

11. 

{c-l)(d + 2y. 

12. (p-2)(q-2). 

13. 

(x-i-2)(.t; + 3). 

14. 

(iV+4)(2/47). 

15. (z 4 1)(2 * 1 - 10). 

16. 

(a 1 5)(a -2). 

17. 

(h-lKh+S). 

18. (c-3)(c-6). 

19. 


20. 

(q + l)(q-l). 

21. (4M-f)(3-<). 

22. 

(2-.vK'*-«). • 

23. 

(1 -n)(5 4«). 

24. (3-'x)(3+r). 

25. 

(24 4 ])(:!,« 4 1). 

26. 

(iy-l){3y + \). 

27. (5z-l)(5z4l). 

28. 

(2f,.4l)(o4 4). 

29. 

(36 4 2)(46 4 5). 

30. (3c- 2)(4c-6). 

31. 

(3(Z42)(4rf-5). 

32. 

(2?i-7)(.37i-l). 

33.'(4p-3)(3i)4 2). 

34. 

(c, 4 36 )(o4 56). 

35. 

(x -2y}(x + 4y). 

‘36. (2c -d)(3c -d). 

37. 

( 046 )®. 

38. 

(a - 

39. (a+b)(a-b). 

40. 

(x - 3y)*. 

41. 

(X 4 5//)*. 

42. (x + 4y)(x - A-h), 

43. 

(3a +b)^. 

44. 

(3c-4d)i 

45. (5r4 3s)(5r-3flj 

46. 

(3y +z)(z - 3y). 

47. 

(a+ib)\ 

48. (lx~yf. 

49. 

(x^ +x +3)(x + 3). 

TP 

-50. (y + l)(y^ 

-2y + 3). 

5l. 

(a2 -f 2a5 -+ 36^)(a '+<?). 

- 52. (y+z)(y^ 

-yz+z^). 

53. 

(2c2-3c-l)(3c- 

?)• 

54. (3r* -rs - 

2s*)(2r 43s). ' 

55. 

(2 4a!)(l -7 j: -3a:*). 

-66. (2 - 2/-52/*)(3 - 22/). 

67. 

(a:2 + 2xy + 4,y^){x 

-22/). 58. (4z-3)(5 

- 3z - 2z*) , ' 


P.S.A. M 
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Find tlie coeflicient of x‘ and the coefficient of (v in the following 
products : 

69. ’ (a: l)(5a:* -4x -3). 60. (1 -2a:)(3 +7x -2x*). 

61. {3a:+5)(2x®-x-2). 62. (4 - 5x - 8x2)(4 + 5x). 

63. (4x2+3a:-7)(4x-3). 64. (2x - 3 - 5x2)(3 -2x). 

Solve the following equations : 

65. (x + l){x 2) +5=(F-x)(2 -x). ' 

66. 3(n-l)(ji-2)=(l -n)(l -3n). 

67. (.V + 1)2 +«/= + 1 =(iy - 1)2 +3/* - 

68. (( + 1)(2 -1) +(3 +<)(2< + 1) +(2 +«)(3 -1) =0. 

69. (z - 1 )(z + 3)(z + 2) + (z + 1 )(* - 3)(2 + 2) = 2(2 + 1 )(2 + 3)(2 - 2). 

70. (3/ + 2)(y + 3)(2/ + 5) =(2/ - 5)0j - 4)(2/ +■ 3) + (3/ - 3)( IG-y + 6). 
[A^ole. For additicmdldrill-examplt n, see Exercise E.P. 16, p. 251.] 

Important Expansions 

*1 

Three of the expansions in the last exercise should be committed 
to memory : 

' . (A + B)2=A2 + B2 + 2AB 

• (A-B)2=A3 + B2-2AB 

• (A + B)(A-B)=A2-B3 
In words. 

The square qf^the sum of two numbers is equal to the siiTn of their 
squares riaUS twice their product. 

The square of ihe^ difference of two numbers is equal to the sum of 
their squares minus twice their product, 

*The product of the sum and the difference of two numbers is equal 
to the differeoice of their sqiianjrS. 

n 

Perfect Squares 

Example 9. Write down the squares of 2x + 3^ and 6 j; - 7y. 
d2x + ■h(3i/P+2(2x)(3i/) =r4x^ 9y2 + 12Ty. 

(5.r - lyf (5.0“ + (72/)2 - 2(6x)(ly) -='25x2 49 y 2 _ 70xy, 

After a little practice, the middle step should ^>e performed 
mentally, pot written down. 
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Example 10. Is +26z* -20yz a perfect square f 
If it is a perfect square, it must be the square of 43/ - 6z. ^ * 
Now (4?/ - 5z)2 = 16?/®.4'25 z2 - 403/z, • ' ^ 

I63/® +252^ - 20yz is not a perfect square. * 

Square Boots. ^ Any positive number has two square roots ; 
thus the squarti roots of 25 are + 5 and - 5. 

Since (B - A)* +A2 -2BA =(A -B)^, it follows that. 

A® +B2 “ 2AB has ^wo square roots, namely A - B and B - A ; these 
may be written A - B and -(A -B; or, more shortly, ^t(A - B). 

8imila‘rly, ( - A - Bf -A^ +B^ +2AB ~(A +B)2 ; therefore the 
two square roots of A^ -I- B^ + 2pAB are A + B and - A - B ; these may 
be written A + B and - (A 4 B) or, more shortly, ±(A 4- B). 

Completing the Square 

Geometrical Illustration. What must be added to 4 6x to 
make the result a perfect square ? 

Fig. 173 represents a rectangle (a; + 6) in. long, x in. high; 
its area +6) sq. in. — 4-C.r) sq. in. 



no. 173 . FiO. 174 . 


Transpose half the rectangle PBCQ and fit it on to DQ, as in 
Fig. 174. This gives a square of side a" in., bordered with tu^> 
rectangles, each of width S in. =3 in! To complete the square,* 
add the shaded area in Fig, 174^ this is a*square of side 3 in., 
area 3- sq. iH. =9 sq. in. 

The result is a square ^ side (a; 4- 3) in., area (x4-3)i sq. in. 
= (a;® 4- 6.r 4-9) sq. in. * 

Hence, ter 4- 6a;, add i.^)^ =9 ; then the sum is {x 4-S)*. , * 

complete the square^ start by looking , for an expression whose 
square is of the required form. , * 
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Example 11. What must be added to a* - 6o to make the sum 
a perfect square ? Of what expression is the sum the square ? 

Since - 2ab + 6^ = (a - 6)®, 

^ a2-6a+ ?=a2-2(g)a-»- ?=(a-^)^ 

=a^ T 5a + (^5 )^* 

if (5)® is added to - 5a, the sum equals (f^ - 5)*f 
is the square of a also of -(a -§), that is, .] - a. 

9 

Ex/imple 12. What must be added to 25x^ + 7x to make the 
sum a perfect square ? t 

25x“2 + 7.r+ ?-(5.r)2+2(5:r)(/5)+ ? --^(5x 

-25.c2+7.r+(^)*. 

/, if is added to 25x^ + 7.r, the sum equals (5x -h /f,)*. 


The Difference off Two Squares 
Since -B*-* -(A 4 B)(A - B), 

x^-9 ^a ;2 - 32 =(x + 3)(x - 3), 
and ' 49a2-2562 :=.(7a)2-(56)2 = (7a 4 56)(7a-56), 

and (x i p)^ ~ ^ [(x -h2:t) +q][ix +p) - q\ 

..(x-}-p+q)(x-hp-q). 


Example 13. Factorise IGa^ - 9(6 -c)®. 

16a2-9(6-c)2 = [4af--[3(6-c)]2 # 

< = [4a + 3(6 - c) ]r4a ~ 3(6 - c)] 

= (4a + 3b -3c)(4a-3b+3c). 


EXERCISE XI. e 

Write down the squares V)f the following : 


1. a + 5. 

5. X - y. 

9. 2p + 3(y. 

i*3. 4y .-J. 

17. 0 + ^. 

' a 


2. 6-3. 

6. y ~x. 

10. -2p -Zq, 

14. 2-i. 

18. 6-J. 


3. 3-6. 

7. 4c +d. 
llff 5q - Ip. 

19. 3a6 - 4c. 


4. -a-6. 
* 8. 4c -d. 


12. lp^5q. 


18. 


c - 


3 

d* 


20. a; + ^ 
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Expand the follpwing ; 

21. (a+3b)(a-3b). 22. (4* + 6j/)(4a; - 6y). 

23. (4cr5d)(4c-5(i). 24. (1 -7<)(1 +7t). , 

25. (l-aj’Kl +*»). 26. (o-6)(5-a). 

27. (2p + i(/)l,2p - ig). 28. + 

29. (x +2y){2x -y). 

In Nos. 30-44, statfe whether the expression is a /erfpct sfjji^are 
iif it is, give two square roots. , , 

30. a:“-2.r-t-l. 81. a;* -1- 2*;^ -t 32. o®-6a-f9.* 

33. 62-) 26-1-4. 34. (;2_'4 c + 4. 35. d* - ]0d.-25. 

36. 4-4^--tiS:2. 3?. n* - 25. 38. r*-)-r-ti. 

39. IOOh 60s-)^9a- 2. 40. x-2-6xj/-f36/. 41. \-2p+p'^. 

42. s2-)- -l -f2. 43. 4o2-20o6-l-2562. 44. a-* - 40a; -I- 400, 

*•2 ,, 

What term, added to the following, makes the sum a perfect) 
square ? Of what expression is the sum the square ? 

45. ^‘2 + lOi:. 46, y^~Sy, 47, 48, ¥' -ihc, 

49. 22_42. 50. a*+62. 51, 2r5+«2. 52, <*tl6. 

63. a* 4- 3a. 54. c® - 7c. 55. 6* + 9, 56^ Od® - 30d. 

57. n2 -n. 58. +a6. 59. 9//* + 16c*. 60. +25c* 

• * 
Factorise the following : * 

61. i/2_sa. , 62. o2 -) 6a-)-9. 63.9-**. 

64. **-8*-)- 1 6. 65. 6* -16c*. 66. + 14< -i-49 

67. 4?i*-25. 68. p* - 1 Op? 4-2.55*. 69. l-j/». 

70. 1 4- 146 4- 496*. 71. a*6* -c*. 72. o*i'* - 2a6f 4-c*, 

73. 4p* - 25?*. 74. 1 - 4t*. 75. ah- - ac*. 

76. 3s* - 12. 77. 5 - 45 h». 78. (* 4- 3)* - 4. 

79. (?-4)*-25. 80. (a:4-2?)*-rs* 81. (6-c)*-16. • 

82. l~(a- 6)*. 83. **-(»( 4-2)*. • 84. 4a* - 9(6 4-c)*. 

85. o* - 64. 86. p* - 16(? - r)*. 87. x* - 4**?*. 

88. Use factors to evaluate (i) 25* -24*; (ii) 46* - 44* , 

• (iii) (iv) 5-4* -4-6*. 

89. Evalfiate R* - r* when R = 3} and r = 2 J. • 

90. Wliat is the quo^tient if (i) 5*-c* is dividecf b5^ b-c 

ijii) -g* is^ divided by 4 <7 ; (hi) a* - 96* is divided by a - 36 
(iv) 4a;* - 252/* divided by 2a; + 62/ ? « 
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Factors by Grouping Terms* 

When factorising an expression, first see if there is a common 
factor oC each term. If so, write it down, and find the other 
factor by short division. 

Exapiple 14. Factorise p(a +6) +g(a +6). • . 

(a +6) is a factor of each term. 

, ^ » [g + b J ) j)(a +b) + q{a + h) - 

< p + q 

( { 

73(g +b) -fg(g 4 ?>) ^-(a +b)(p +q). 

The short division should, he done jncntally. 

Sometimes a common factor can be found by grouping terms 
together. 

Example 15. Factorise g.r - ay ~hy. 

ax - ay 4 bx - by --a{x - 2/) 4 b(x - y). 

Here {x -i/) is a factor of each term ; 

by short division, ax - ay + bx - by = {'Sl - y)(a + b). 

When dividing by a common factor, write it down first, and treat 
it as the divisor in a (iivisioii sum. 

'When you' have obtained the factors, multiply them together 
mentally, ^o make sure that their product equals the given 
expression. 

The fact that an exjirossion can be arranged in two groups does 
not mean, necessarily, that it can bo factoj’isou. ' 

''rims, ac -t ax 4- be 4- by --a{c 4 x) + b{c y). 

But th(;r 0 is no fi^ctor common to these two terms, so we cannot 
use the “ short division ” rnetliod. 

Actually, this expression has no factors. 

'An expression, such as a(c -l-a;) 4- 6(c 4-2/)» which is written as 
tiie Svm of two terms is not*in factors. 

Thus, 29 = 15 + 14-- 3 -5+2x<E7, but these numbers are not 
factors of 29. 

Examf»le 16. Factorise a® +bc +ab +rc^ 

+bc -{-ab +ac—(a^ +br) +a(b +c). • 

This is n6t in factors because it is the of two terms ; also 
there is no factor common to the two terms, so we cannot 
the “ short division ” method. 
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But a^+ be ab ac + ab -{-be ac 

=a(a + 6 ) +c (6 +a). 

Here, {n. + 6 ) is a factor of eaeh term, since a + 6 = 6 + ^ 
by short division, +bc +ab -hac =(30- b)(a + c). 

Note. Group together terms which have a common factor. 

Example 17. Factorise ad \-bc-ac-hd, 

(• 

ad -\-bc - ac - bd =ad - ac + be - bSt =a(d - c) *■ b(c -d)^ 

, =a(d -c) -b(d. -c), since c - d= -(d^c), 

I =:(d - c)(a -b). » 

. EXERCISE XL f 

[In this exercise^ Nos. 1-25 are intended for oral discussion,] 

1. Ta a 4- 1 a factor of (i) 2 a + 2 ; (ii) 3 +3a ; (hi) a -f -2 ? 

2. Is 6 -f 1 a factor of (i) 2 h 26 ; (ii) - 6 *- 1 ; (hi) (1 + 6 )^ ? 

3. Is c - 1 a factor of (i) 2 r - 1 ; (ii) 1 - c ; (iii) c -f 1 ? 

4. Is X - 3 a factor of (i) x + 3 ; (ii) 3 - x ; (iii) _ 3 ? 

5. Is X -vy a factor of (i) 2y -f 2.c ; (ii) ay -{-ax ; (iii) -'f+x ? 

6 . Is X - y a factor of (i) 3// - 3x ; (ii) ax - by ; (iii) x^ -t/® ? 

7. Is a - 6 a factor of (i) 4(6 -a) ; (ii) -a -6 ; (iii) a^ - 6 ® * 

8 . Is c -f d a factor of (i) cd ; (ii) -f d^ ; (hi) c^ -d^ ? ^ 

9. Is a +6 a factor of x(a + 6 ) -\-y{b A- a) ? 

10. Is g 4 -d a fattor of a(c -\-d) ~b(c -d) ? 

11. Is a; +?/ a factor of x{a+b) -f/y(a +c) ? $ 

12. Is a -6 a factor of n(a - 6 ) + a -6 ? ^ 

13. Is c - d a factor of ??(c -d) - c - d ? 

14. Is a" -y a factor of a(y - x) -i- 6 (a 7 -y) ? 

15. Is cc - y a factor of x(a -t- 6 ) -y(/i +c) ? 

Have the following expressions factors ? * If so, find them and 
check by nttiltiplication. If there are no factors, say 00 . 

16. a(c +d) “ 6(c -f d). • 17. jt:>(a; 4 y) -< 7 ( 2 ? -y). ^ 

18. a(x + y) + b(x zf. * 19. a(c 4 'd) - 6 (d -f c). 

20. c(a -6) +d(6 -o). , 21. a;(2y -i-2) -f z(y 4 - 1). , * 

0(6 + 1)4-6(0 4-1). 23. X - a -i-b(a - x). 

24. a(x +y) -\-x +y, 25. o(a; + 1 ) - 6(1 -a?).^ • 
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I 

Factorise, when possible, the following expressions. If there art 
no factors, say so. 



4- a6 H- oc + he. 

27. 

o* 

-ab - ac - he. 

28. 

ax - ay -\-bx - by. 

^9. 

ac 

4- ad - 6c - bd. 

30. 

ax +ay +bx + bz. 

31. 

ap 

4- aq + bn + bp. 

32. 

na -cd - bd+ ba. 

33. 

ax 

+ ap -cx pc, 

34. 

a;* +xy 4- 3a; 4-3?/. 

35. 

a* 

-\-ac - 5a - 5c. 

36. 

y^-yi-\!y-2z. 

37. 

a;(a -f 5 -i-c) ^-y{a +5 

38. 

+b^d^+b^c\ 

fk 

39. 

2ah f 5*ac 4 5 -fc. 

40. 

5c3C 4- 5dy - 5cy - 5dx. 

41.* 

a* 

-ah -2a - 26. 

42. 

xy -f- y^ - X - y. 

43. 

a(j 

r H-?/) -|-c(:r -?/), 

44. 

a*(5 4- c) - hc{c+b). 

45. 

6a6 - 36a; -{-2ay - xy. 

46. 

4a;* - 2,ry - 6a’2 -|- 3?/2. 

47. 


4- a; 4- a;* 4- 1 . 

48. 

a;* 4- (a -f5).T -i-afi. 

4ft\ 

a;* 

- (c +d)a; -fed. 

50. 

2px +qy -py - 2qXo 

51. 

ab 

- 12a’y 4 36.r - 4ay 

52. 

* 

ax - Z+ a - 3a;, 

53. 

ac 

-f ad - a* - cd. 

54. 

- a; 4- ?/ - xy. 

55. 

.r* 

- 2x - x}j - 2 //. 

56. 

4 - 4a; -l '-.r - r. 

57. 

Ua 

- 6) - ^{a -f h). 

58. 

l{a -b) -{-m{b - a). 

59. 

2n 

* 2a\c^-x-a. 

60. 

1 f c* 4-cd 4“C'‘*(io 

61. 

ax 

2dy 4- 26a; -by. 


Quadratic Functions ‘ • 

< 

The product of two first-degree functioiis of a: is a quadratic 
function of x. 

Thus, (2x - 5)(3a’ -h 4) =2x{Xi: -j 4) - 6{2x x 4) 

= 6a;2 + Sx - 15a; - 20 -- - 7x ~ 20. 

t To factorise a quadratic function, we express it so that this 
process can be worked hackivards^ 

Example IS. Factorise 4 10:r + 3. * 

Replace -f 10a; by two terms whoso jlijpduct is x 3. 

8a?^ X 3 — 24.f2 = 4a; x 6a;. ^ 

8;^*® -fdOa; -f 3 - 8a;* -f 4 a- -I- 6a; -}- 3 

= 4a;(2.c + 1) -f3(2a; + 1) ^ (2x -f- l)(4x + 3). 

Check the answer by multiplying mentally. 
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Example 19. factorise - 22y + 96. 

Replace - 22y by two terms whose product is y^ x 96. , ^ 

96,7/2 _ 2y X 48?/ = 3y X 32y =4?/ x 24// — 6// x 16y| * ' ^ 

/. 22?/ + 96 =7/2 -6// -16?/ + 96 

. =2/(2/-6)-16(?/-6)=(y-6)(y-16)o 

Example* 20. Factorise 6.r2 + 11. r?/ - 10?/^ ** ^ 

Replace + 1 15"?/ by two terms whos(^ product is^6a;2 ^ ( - lO?/*), 

- 60.i'2/y« ~ X ( + 1 Kyxy). * 

6^2 + 1 \xy - 10//2|- 6u;2 - \xy + lUxy - 1 ()//2 • 

= 2x(3J? - 2</) + 5//r3^ - 2?/) = (3x - 2y^)(2x + 5y)c, 

Example 21 . Factorise 6 + 1 U - 10/2. 

Replace +11/ by two terms whose product is 6 x ( - lO/®). 
-60/2:=( -4/) x{ +15/). 

/. 6 + ll/-10/2=:6-4/ + i5/-10/2 

= 2( 3 - 2/) + 5/( 3 - 2/) --r. ( 3 - 2t )( 2 + 5t). 

If the coefficient of /2 is negative arid if the constant term is 
positive, work, as in Fxample 21, in ascending powers of /. Dc 
not turn the expression round. 

Example 22. Factorise 1 2a2 - a - 35. • 

Replace -a by t^o terms wliose product is ]2a2 x1[ - 36).^ 
(12a2) x( - 35)= -22 x3 x5 x7 xa2=(+20a) x( - 21a^ 

12a2 - a - 3{4 = 1 2a2 + 20a - 21a - 35 

• =4a(3a + 5) -7(3aH 5) = (3a + 5)(4a - 7). 

If the product is positive, the numerical factors, we look for„ 
have a known sum ; if tlio product is negative, they have a 
known difference. 

If the product has a large number of factors, as in Example 32, 
it is best to express it in prime factors before looking for the pa^r 

which have a known sum or difference. 

0 

r, 

EXERCISE XL g 

Write down the coefficient of x in Nos. 1 9. 

1. (2x + 3)(a;+4). ,2. (2a; - 3)(x - 4). 3. (2x -!,3)(x 

4^ (2*-3)(a;+4). 5. (3* - 7)(2x + 3). 6. (a; + l)(73: -6). 

7. (4x-l)(3a:-2). 8. ( 1 - 2a:){2 + fo). 9. (7 -3a:)(3 -3*). 

* . • 
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Find by inspection two numbers satisfying t}ie conditions in 
Nos. JO-25. 

10. dduct = 15, sum =8. 11. Product = 15, sum = 16. 

m f 

12. Produot'=12, sum=8. 13. Product = 108, sum=24. 

14. Product =45, difference = 4. 15. Product =60, difference = 11. 

^16. Product =48, difference = 13. 17. Product=54, difference = 3. 
18. Product =24, sum= - }1. 19. Product = 36( sum= - 15. 

20. PrpSuct = - 18, sum = 7. 21. Product = - 18, sum = - 7. 

22. Product = - 28, sum = - 3. 23. Producf' = - 45, sum = 12 

24. Product = - 40, sum = 3. 25. Product = - 96, sum = - 10. 

Factorise the following : check your answers 'mentally. 

26. 3x«+5x + 2. 27. 2if+'ly + Z. 28. 2;2 + llz+5. 

29. a“+6a + 8. ,30. 52 + 76 + 10. 31. c^ + lOc + O. 

32. r® - 7r + 12. 33. _ 5^ _ 14. 34. <3 + 6« - 16. 

35. 31/2+81/ + 4. 36. 2;2+63-3. Zl. 2 }j^ -\\ p + \2. 

38. 15 4-2.1-82. 39. 4-3<-<2. 40. 2-k-W. 

41, n2+7n-18. 42. u:2 - 3a: - 28. 43. 2(/2 - 22i/ + 48. 

44.3*2 + 132-4. 45. 12a2 + 3.3a-9. 46. 3;>2 - lO/a + 8. 

47. 62 + 156/+ 14. 48, 12 + llc-c2. 4^. 3a2 + 6O0 - 63. 

50. 9r2-'39r-30. 51. 4752 _ 13^ + 3. 52. 

53. a:2+3a:-70. 54. 2.1/2 - 1 67/ - 96. 55. <f2 - 13c -^40. 

56. 8a2-14o + 3'. 57. 6u2+5»-6. 58. OOF - 25* - 10. 

59. 2a2 - 22ab + 6064. 60. a;2 + 7xi/ - 30,y2. 61. r2-8rs-84s2. 

62. 462 + )36c + 3c2. 63. 18 -3a: -a;*. 64. 12a:2 - llxi/ +2i/». 

65'. 12a2_7a6+62. 66. 40f2 -oOlw - 15m*. 67. 60+3i/-3i/». 

6'8. 27*2 + 182 - 24. 69. 6a2-13o + 6. 70. 462 + 166 + 15. 

71. 12c* + 7c -12. '72. 24 - 14:?- 20+2. 73. 24 + 50i/ - 25i/>. 

I 

« • 

Factors by Inspection 

After a liCtle practice, simple quadratic functions can often be 
factorised at sight, without using the grouping method. But 
always check the answer by (mental) multiplication. 
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Example 23. .Factorise (i) a;® + 1 la; + 24 ; (ii) a;® - 2a; - 36. 

(i) Find two numbers whose product is +24 and sum . + 11. 

These are + 8, + 3. ^ ^ 

a:2 + lla;+24=(x + 8)(x + 3). 

Check by menipl multiplication, 

(ii) Find t^^o numbers whose product is -35 and sum-; -2, 

These are - 7, + 5. “ 

* - 35 =(x - 'i^(x + 5). » ^ , 

Clieck as before. 

» * 

Example 24. Factorise _ 3 

Write down pairs o^ factors whose products introduce 2y^ and 
- 3, and select that pair which also introduces + ^y. Possible 
pairs are 

(2// + 3)(2/-1); (2^-3)(y+l); (2y - 1)(7/ + 3) ; (2y + 1)(7/ - 3). 

22/*+5^-3t(2 y-l)(y + S). 

Use the grouping method y whenever j^ou are not able to obtain 
the factors by inspection, quickly. 

j 

EXERCISE XI. h 


Factorise the following : check your answers menkilly. 


1. 

<^2 

+ 5a ^ 6. ^ 

2. 

62 

+ 66 + 9. 

3. 

C2 

+*8C + 1?;, 

4. 


-7a; + 12. 

5. 

y2 

-3^-10. 

6. 

22 

+ 22-8. 

7. 

p2 

-^P + ie. • 

8. 


+ 4(7 - 5. 

9. 

r2 

-r-6. 

10. 


+ 9^ + 18. 

11. 

/2 

- 3^ - 28. 

12f 

7t2 

-lln+30. 

13. 

k^ 

+ ^'-30. 

14. 

a2 

+ l2a + 36. 

.15. 

62 

- 56 - 60. 

16. 

C2 

-14c +49. 

17. 

1/2 

+ 6d - 27. 

18. 

p2 

+ 14p +45. 

19. 

7® 

+ 7g - 60. 

20. 

r2 

-18r + 72. 

21. 

S2 

-95-70. ' 

22. 

/2 

-36. 

23. 

n2 

+ ?i - 90. 

24. 

^*2 

-2A;-63. ^ 

25. 


+ 161 / + 64. 

26. 

a2 

-6^. 

27. 

22 

- 162 + 64. 

• 

00 

62 

-76-120. 

29. 

c2 

• 

-20c + 100. 

30. 

a;2 

-100. 

31. 

a;2 

- 12xy + 327/2. 

32.^ 

'a2 

+ 3a6 - 1062. 

33. 

c2 

- 4cd - 32d*. 

34. 

2 /® 


35 . 

62 

- 46c - 5c2. 

36. 

a;2 

+I 62 /*. 

37. 

a;2 

+ exy + 9i/2. 

38. 

a:* 

-9y*. 

39. 

a;2 

- 5xy + 9y2. 

40- 

a . 

f 3o - lOa*. 

41. 

1 

-26-246«. 

42. 

1 

-I2c + 36c*. 
^ • • 
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[OH< 

43. 

1 - i4a; +49a;®. 

44. 

1 -492/®. 

45.. 

1 + 142 + 492*. 

46. 

f2-( 

2 - a®. 

47. 

10 + 7c +c®. 

48. 

35-2d-d“. 

•49. 

1 -y 

-202/®. 

50. 

24 - 52 - i®. 

51. 

28 -!]«+«*. 

52. 

3a®- 

12a - 15. 

53. 

262+26 -12. 

54.. 

6w® — 5n - 150. 

55. 

4c® - 

100. 

56. 

0 = 6 ® - labc + 10 c®. 

57. 

1 - 3pi/ - 18a:*2/*' 

00 

22/® + 

62 /^- 202 ®. 

59. 

3 - 27n®. 

1 

60. 

,‘?4r® + Its - s*. 

61. 

2a®- 

5a +2. 

62. 

362+56 -2. 

63. 

6c2-llc + 3. 

64. 

2^2**- 

7p-15. 

65. 

5g2-16g + 3. t 

66. 

id^+5d-6. 

67. 

5//® + 

142/ -3. 

68. 

422 -112 + 6. 

69. 

Sa^ + 3a-2. 

70. 

106® 

-136+4. 

71. 

12c2-llc-5. 

72. 

10A:2-21ifc+9. 

73. 

12^2 

+ 1 9m + 5. 

74. 

lOa;® +3a; -4. 

75. 

10^2 +9// -1. 

76. 

6p® +7p - 10. 

77. 

4a;® - 12x +9. 

78. 

9a“ + o - 10. 

79. 

lOyS 

-432/ + 12. 

80. 

862 + 76 -15. 

81. 

6c2-17c + 10. 

82. 

9o*- 

646®. 

83. 

2.5.1’® +40a’2/ + 16//®. 

84. 

42ci*-cd-30(l», 


85. If :»+2 is a factor of + 10, what is the other factor T 

Hence find a. 

86. What is 6 if a; + 3 is a factor of -hbx -12 ? 

87. What is c if a: - 6 is a factor of a;^ +cx + 30 ? 

88. is a if a; - 4 is a factor of a;^ + aa; - -T ? 

89. What is 6 if a: - 3 is a factor of + bx - 9 ? 

* 

90. What is c if + 4 is a factor of + 7x + c ? 

91 What is a if a: + 2 is a factor of a;^ - Sa* + a ? 

92. What is 6 if 2a: - 3 is a factor of 6x^ +l>a; - 12 ? 

[Note. For addit ional drill-examples, see Exercise E.P. 11, p. 252. 
Ror harder miscellajieous questions on factors, see Appendix, 
JEJx. /S. ll,p. 301.] 


Long Multiplication and Division 


A pimple example of long multiplication has beer? given on 
p, 177 ; -th^J following section, dealing mth both mulliplication 
and division, may be omitted at a first reading, without affecting 
the work of the later chapters. 
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Example 25. . Multiply 2x^ — 4a;* + 2a: + 3 by 3a:* — a: - 6. 

2x* - 4a:* + 2a: + 3 

3 a:* - a; - 5 . 

^-12a;*+ 6a:* + 9x* 

, - 2a:* + 4a:* - 2x* - 3a: 

•> ■ -10a ;» + 20a:* - 10a: - 16 

6x*-i4x* +‘27x*-13x-15 

' • - - 

Example 26. Multiply - a6 + by a® + ab +1}\ > * 

^a^--ab +b^^ 

+q 6» + 6^ 
a* - a^b + 0^6^ 

' + a^b - a^b^ + ab^ 

n^b^ - ab^ + 6* 

+b* 

Example 27. Divide + hx^ - 14.r + 4 by a; + 3. 

First Method : Inverse M uUipl lent ion. 

Fill in the blank spaces in the following : 

3.1;^ ^ 5x^ - 14.U + 4 — (a; -h 3) { ) •+- * 

(a: + 3 ) . 3u’^ -- 3.r^ + ; but we want 6x^ instead of 9x®, so we 

must arrange for a term, - 4.r2. 

(x + 3)(Xv^ - 4.r) — 3.c^ + - I2x ; but we want - 14x instead 

of - 12.r, so we muAt arrange for a term, ~2x. * 

(x + 3) (3.t‘“ - 4,c - 2) — 3u;^ + 6x^ - 14x - 6 ; but we want -f 4 in- 
stead o^ - 6, so we add 10 to each side. 

/. (x’4-3)(3.u 2 --4.r-2) f 10 ^3.c3 +5a:2 - 14x-^ 4. 

the quotient is 3x- - 4x ~ 2, and the remainder is 10. 

Second Method : The Arithmetical Process. 

3x“ - 4x - 2 

+ 3 ) 3x^ + 5.1*2 _ ^ 4 

3x^ 4 9a;2 

- 4.1^ - 14a; 

-4x^-l2x 


- 2x + 4 

- 2x- 6 


^Note. The second method is a short-hand form of writing 
down the argument used in the first method. « 
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Example 28. Divide a® + 6® by a + b, 

-ah +6® 
a + 6 ) a® +6® 

a® +o®6 
~a'^h 

-a®6-ob® 

062+6® 

06 ® + 6 ® 

/. the quotient is a® - ab + b®t and there is no remainder. 

* j 

4 

EXERCISE XI. i 

Find the products of tlie following : 

1. re® +3a; - 1, ic -4. 2. 3^® -re + 4, 2a; - 1. 

3. re® + 2xy + i/®, re - y. 4. a® o6 + 6®, o - 6. 

5. re® +rc + 1, a;® -a; + 1. '6. 2?/® + 3, 2?/® +2/ - 1. 

7. 30® -0-2, o®+2o + 3. 8. 26® + 36 - 1, 26® - 36 - 1. 

9. c® + 2cd +d®, c® - 2cd +d®. 10. ?y* -?/®;r® +2**, +2^®- 

11. 0+6 + C, 0-6+C. 12. a; - 2?/ + 3;:, re + 2?/ - 32. 

Divide ; 

13. re® +y® - 5a; - 6 by re + 2. 14. 2.e® - 5.e® +re 4 2 by a; - 1. 

l5'. 6rc3 + X® - 9a; - 4 by 2a; + 1 . 16. 6x® + i>x® - 3x - 2 by 3x - 2. 

17. 3y® + 42/® - 17?/ - 9 by 2/ 4- 3. 

18. 82® + 142® - 232 - 6 by 42 - 3. 

19. o® - 1 by a - 1. 20. b-* + 8 by 6 + 2. 

21. X® - 3x®2/ + 3a^2/® -y^ by x - y. 22. o^ - 3o®6 + 26* by a - 6. 
23. X* + X® - 8x® - 1 lx - 3 by X® - 2x - 3. 

“24. IO2/* + 1 12/® - 22/® - 1 32/ - 6 by 2?/® + 3?/ + 2. 

25. 6z* +z» - 163* + 8 by 33* +23 - 4. 

26. 6o* + 15a® - 17o® - 20a + 12’by 2a® + 5a - 3. 

27. 2x* - 9x® - 9x® - 13x + 6 by x® - 5x - 3. * 

28. lOy* - 2/® 4- 132/® - 1^2/ 2 by 52/® hS?/ - 2. 

29. o* + 1 by a + 1. 30. 6* + 1 by 6® +»6 + 1. 

31. x^ -X by X® +x + 1. 32. ’62/* +2/ by 42/® - 22/ + 1. 

[Fora revision exercise on Ch. XI, see Appendix, Ex, R, 6, p, 268.] 
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- TEST PAPERS B. 1-10 
B. 1 

1. If a = - 2, 6 = ~ 6, find the values of 

(i) (l,-a)2; (ii) ba^; 

2. Simplify (i) - 4xy) -^( - 2x) ; (ii) {x -Ha)® - {x -iz)^ ; 

. . . 

3. Scive (i) (2a; + l)(2a:-»l)=(2a; + 3)(2a:-5) ; 

(ii) «2/-4 z= 2, Ji/ + Jz = l. ’ 

4. Factorise (i) x^ - 7x ~ 30 ; (ii) ab -ac'^cd - bd, • 

5. At a school debate, 93 boys vote ; the motion is carried by 
21 votes. How many opposed the motion ? 

B. 2 

1. Find (i) the perimeter, fii) the area o*f Fig. 175, if all the 
corners are right-angled, the units being inches. 




2b 

Fig 17.'.. 


If the ^^rimeter is 2p inches, express the area in terms of o, p. 

2. Simplify (i) 


a® - 2ah ah -b^ • 
~a^b ■ a6®~ • 


(i)^=-^S (ii) ix+2y=5,2x-^ + ii=0. 


3. Solve 

4. Factorise (i) 36®c - Ohcd -H 126c® ; (ii) 2y^ - ISy. 


5. I am thinking of two numbers. If I halve the first, I geJ 
one more than the second ; if I a^d 4 to the second, I get one-third 

of the first. What are the numbers ? 

;# * 


1. Simplify (i) 




B. 3 


pq-q^ , ' 

(ii) {x -\){x - 2) + (x - 3)(a; ~ 4) - 2(x - 6)\x -H 1). 

JP. The product p . v is constant. If p = l J when ^ = 2^, what 
ta the value of v when p =3 t What is the value of p when = 4 ? 
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3. Solve 


2x + I 3ar - 1 1 -a? 

(0 — 5 

(ii) y=i(»-6). 2/ = i(*-3). 


4. Factorire (i) x* ~x^ ; (ii) 2x'^ +5x -Z, 

5. Find two consecutive odd numbers whose squares differ 
by 48. 

( 

B. 4 


1. How far ir B from the mid point of AC in Fig. 176 ? 

■ < ■ ■ <y.r in. <•-->-< — 6x in. ' — -> 

A B C 

Fig. 176. 


If BC is rotated about B through 90°, how far from A is the new 
position of C ? 

2. (i) If y , find the value of x^y when a; = 2. 

' a; + 3 . 

(ii) Simplify ab - 2 (f + ^) . 

3. (i) For what value of c does x = -1 satisfy - 2rx = c +a? ? 
(if) Solve 2 / = 

4. Factorise (i) p^{q r)^ - ; (li) 1 i-3.r-10a!2. 

5. One cat takes 7 hours over a journc^y which another car, 
travelling 5 miles per hour faster, does in 6 fiours. Find the 
distance. 

B. 5 

1. If A=lh(a +b), express A in terms of h wn.m 2h — 3n =4^/^. 

2. (i) Add to (ii) Simplify 12^36^ 

3. Solve (i) J(a; - 4) - J(5 -a,) — J(3 - 4x) ; 

(ii) 6a: + 112/ +20= 7a; + 42/ -29 —0. 

*4. Factorise (i) 3c^ - I2cd^ ; (ii) x^ + 4a; - 77. 

* 5. The price of eggs having risen by id. eacli, it costs 4d. more 
to buy 20 eggs than it used to co^ to buy 2 dcv.en eggs. What is 
the present price ? 

B.6 . 

1 . If S —4inr^ and V = express in terms of S, tt. 

« ' / x d-t. 2a-^b a-b 2b-a 1 

2. (i> SiVnphfy - g- + - ^ / 

(ii) Find the value «of (x +y -z)^ - {x -y v vhen a;=2» 
- £/=-3, S=r5. 
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£C 3 7 ”■ 3/ 

3. ( i ) For what value of x does -y- exceed — ^ by 60 per cent. ? 

(ii) Solve 5P=2Q, iP-iQ + l=0. , ‘ 

4. Factorise (i) ax-ay-cx^cyi (ii) 2^x^ -\yK' 

5. Some stamps are divided equally between 15 boys. If the 

number of stamps and the number of boys were each increased 
by 1, each boy would receive 7 stamps less. How many would . 
this be ? , 

b.7 

1. (i) Simplify (x <- 2(/)(3.ii/ - a ) - (2x + y)(y - 3x). 

(ii) What number must be added to - J2x to make the 
sum a perfect square ? 

2. For what value of r is x® + 2x^ H-ca; - 6 zero, when x =■ 2 1 
For which of the values 3'^1, - 1, 3, -3, is the expression 

zero, for the same value of c ? 

3. (i) Find u in terms of v \f - =2J +- . 

' ' u * u 

(ii) Solve a; + = 14, - y— - 

4. Factorise (i) 20+o-a®; (ii) x^y -z) -x(y^ -z^). 

A motor cyclist averages 30 m.p.h. on ordinary roads, amd 
10 m.fi.h. on roads under rcfiair. His average speed for a run of 
60 miles is 20 m.p.h. What length of the road is under repair ? 

B. 8 - * 

1. What is the sqm of the areas of the faces of the rectangular 


a in. 



Fia. 177. 


block in Fig. 177 ? Exjiress this in terms of c, if c =|=^. 

-» 

2. (i) Siy^tract I -{p -g) from g - (1 -p). 

,(ii) Simplify g + 

3. (i) lif y = ^x -1, find x so that the difference between x 

and y may bb 5. 

• /-x ox 2 1^32. 

(u) Soive -+-=3, =4. 

' ' u V u V 
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4. Factorise (i) 6a® + 6a -36; (ii) (rc + 1)* - 3(r + 1) - 10, 

5. Tlie cost of a book and the postage on it used to be 3 shillings,, 
rh6 price of the book is now 75 per cent, more, and the postal 
charge has b^en increased by 50 per cent., so that the present total 
cost is 5s. id. \Vliat is the present price of the book ? 


B. 9 


i Make a table showing the values of the {unction, - 4a:, 
x=, -2,.- i; 0, 1, 1*5,‘2, 2-5, 3, 4. 

2r (i) Subtract na-\-b from t - kb and give the answer in the 
form P . a + Q . 5. > 

.... x^-5x Sx-x^‘ 

< 11 ) oimphfy ; . 


3. Solve (i) 0-25(« + l)-0-4(^-2) = l-02. 

(ii) i(x + 2)-J(2/-l) = l, 5x = i^. 

4 . Factorise (i) ax^ -{-b^y -ah^ -x'^y ; 

(ii) '(5a;-l)(a:-3)‘4-(.'r-5){3-x). 

5. If the larger of two numbers is divided by the smaller, the 

Q uotient and remainder are each 3. If t,en times the smaller is 
ivideci by the larger, the quotient and remainder are again 
each 3. \VTiat are the numbers ? 


£. 10 


I. The expression aa: +6 is equal to 5 when a: = - 2 and is equal 
%o -2 \yhen a; = 5. For what value of x i^the expression equal 

60 X ? 


?., (i) Multiply a - 6 by 6 - a and add the result to ^he square 
of Oj 4 b. 


(ii) Simplify 


P^~T 


— when p ■\-2q=0. 


(p-2q)(2p -q) 

(i) Solve x(x + l)(x + 7)-x(x + 3)2=2(x-3)®. 

(ii) Find a, h, c if a + 6 = 6, 6 + c = 7, c + a =^8. 


4 Factorise 


(i) X® - 2ax + 3bx - 6a6 ; 


(if) 7a®+9a5 - 105®. 

5, A train, running between ^o towns, is 3 minutes late if it 
averages 45 m.p.h., and is 9 minutes late if it averages 40 rn.p.h. 
Fmd the distance between the towns, .and the proper time for the 
soumey. t 


[F^or additional test papers on Gh. 1-XI, see AppendiXy Q. 1-5^ 

p. 319.] 
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. QUADRATIC EQUATIONS 

« ^ Statements as Equations 
If all we know^aboiit two expressions, A and B, is that A . B = 5, 
it is impossible to find the value of either, unlestf w# know the 
value of the other. * 

But if ^ 

we know that either A = 0 or B ~ 0, because the product of two 
numbers is zero if, and*only if, one of them is zero. 

Example 1 . Wliat can be said about the value of x, if 
x(2x-3)=^0 7 

Since the product of x and 3a; - 3 is zero, one of the numbers x 
and 2x - 3 must be zero. 

x—0 or 2x-S~0; /. :r 0 or 2x = 3: 

n 3 • 

. . a:~0 or 2 * 

0/ieck : If a; =0, x(2x - 3) -:0( - 3) =0. ^ 

If a:=-.5, ct(2a:-3)--=^(3-3)=-J x0=-0. , 

Do not say x =0 an^f a: — because x cannot equal both^O anS j 
at the same time. 

t 

Example 2. Combine into a single statement : « 

Either 2/-3 ov y= - 

Either y = 3 ot 2y = - 1 ; either y - 3 — 0 or 2?/*+ 1=0- 
in either case, (y - 3)(22/ + 1) = 0 ; 

• 2y^-5y-3=0. 

EXERCip XIL a • 

1. If a; =<2, what is the value of (.c - 2)(a; + 10) ? 

2. ^ If 2 / =5, what is the^ Value of ( 2 / + 3)(?/ -5) 7 

3. If 2 =p, what is the value of 2(22 + 3) ? 

4. If xy =0 and x — 3, ‘'what is 2/ ? 

ft. If xy =fi and 2 / = 0, what can you say about the value of « T 
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6. If xy = \y can you say anything about the numerica] 
value of a; ? 

7. lyhat conclusion can be drawn from (a -h)x — 0 *t 

8. If (y - 3)(2 - 2) =0, what do you know about z (i) if 2 / =2, 

(ii) if 2/ = 100, (iii) if y—^ ? 

9. What conclusion can be drawn from the equation 
(:r-5)(2/ + 3)=0? 

/jj _j_ 1', ^ 

10. If — - =0, can 5 ^ou say anything about the value (i) of 

y -T z t 

X, (ii) of 2 / ? 

11. What conclusion can you draw if (a: - 5)(a: + 3) =0 ? What 
do you get if you multiply out ? 

12. Combine into a single statement: Either a; =2 or a; =4. 
Multiply out the result. 

13. Combine into single statements the following, and multiply 
out each result. ' 

(i) Either a; = - 2ora: = - 5; (ii) Either x— - 3 or a:: = 4 ; 

(iii) 2/ - ±7 ; (iv) Either y - ^ or y ^0 ; 

(v) Either t — Oort — ~8; (vi) Either a’ — 2 or a: = 3 or a: = - !• 

14. Wliat conclusion can you draw if (3a: - 2)(2.r + 5) =0 ? 
What do you get if you multiply out ? 

15. Combine into single statements, free from fractions, the 
foi’owing, and multiply out each result : 

(i) Either x — \orx — l ; (ii) Either y — - \ or y — ^ ; 

(iii) Either z — - I or z ; (iv) Eithen^va: =0 or a; = - g. 


Solve the following equations : 

16. (x-3)(x-l) ^0. 

18. (^4-7)(i + 2)-^0. 

20. (a; -3)2^0. 

22. (y + l)(y + 2):r^0. 

24. 5a:2nz0. 

26. (22-1)(3;: -5)=0. 

28. 7(x-7)(4a:-3)=0. 

^0. 6x(^a: + 7)=0. 

32. r(r + 3)(r-6)=0. 

34.' 22^28 + l)(,‘?s- 10) =0. 


17. (?/ +4)(^ -5) =0. 

19. 2(2-10)=0. 

21 . (<4 5 ) 2 = 0 . 

23. »>(« 4 4) = 0. 

25. r,(i/-2)(2/ + 8)=0. 

27. {Sp + \){p + Z)=0. 

29. 5(o<+2)(5t-3)=0. 

31. (»-2)(w-5)(» + 8)=0. 
33. yH>j+4)=0. 

35. 4a;(a:-4)*=0. 
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* Solution by Factors 
Examples. Solve =25. 

First metJtod, a;* - 25 = 0 ;* {x + 5)(a; - 5) = 0 . * 

either x + 6 = 0 or a; - /) = O ; 

« a; = - 5 or 5, 

Second method, a;2=25. 

Take the squ^e rpot of eaoh side ; • the square root of 26 is 
either + 5 or - 5 because ( + 5)( + 6) =25 and ( - 5)( -%) =^6 ; 

— 5 or -5, as before. • 

. The answer is usually writ0en, x= ±5. 

Example 4. Solve {jcr-\- 2){x - 5) =20. 

Multiply out, /. a:^ - 2a: - 15 =20. 

/. a:^ - 2a: - 35 =0 : (a* - 7)(a: + 6) =0 ; 

either x -* '4 = 0 or a: 4 5 ^0 ; 
a: =7 or -5. 


Check: If a:=7, (a:+3)(a:-5)=10x2?^20. 

If a: = - 5, (a: + 3)(a: - 5) =( - 2)( - 10) =20. . 

Do not shorten this argument. If you leave out ll:e step, 

** wther X - 7 = 0 or x + 5 = 0,” you nriiiy make mistakes in sign, 

• 

Examples. Solve + 6x = 9. • ^ 

8x2 4Cx- 9=0; (2x + 3)(4x-3) =0; • 

either 2x + 3 = 0 or 4x -3=0. 

• • 3 3 

2.T = - 3 or 4x = 3 ; ^ ~ ~ 2 ^ 4 ’ 

EXERCISE XII. b 


Solve the following equations ; in each example, check one 
answer. 


1. X* - 5x -f-6 = 0. 

4. x® + 5x - 6 = 0. 

7. X® + 9x 4 14 =0. 

10. :^^-6x=0. 

13. 2a:2-5A2-:0. 

16. 6a:»-7a:-3=0. 
^ 6 " 

19, xa-3x = 10. 


2. x^ + 5x 46 = 0 . 

5. x2-3af+2=0. 

8. X® - X - 6 = 0. 

1 >. €^ 2-9 = 0 . 

14. 3x2 +x -2=0. 

li 

17 . 4 ®= + 13 * + 3 = 0 . 

20. *» + 2a; = 24. * 


3. x® - 5x - 6 = 0. 

6. x® + 3x 4 - 2 = 0. 

9. x2 4- 4x - 5 = 0. 

12. x2 + 7x =0. 

15. 2a:*-7» + 6 = ff. 

18. 9x*- 30* + 25=0, 

21 . **+21 : jl 0 *. 
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22. x^=5z. 'J3. x»=49. 24. 2x®=6x. 

25. 4x2 + l=4x. 26. 2x»+x = 16. 27. 6x“ = llx+7. 


28.'3x“=^4x. 29. 3x* 

31. (x + l)(x-+2)=30. 

33. (2x-l)(x-2)=6. 

35. (x- 3)* =25. 

37. (x + 8)(x- 3)=3x. 

39. x + l=-. 

.1 » 

41. (x + l)(x + 2)(x + 3) = 15(x 


8x=3. 30. 6x* + 6 = 13x. 

32. (x-3)(x + 2) = 14. 

34. (3x + l)(2x + 3)=3. 

36. (x-l)»+{x + 3)>*=26. 
38. + J =x. I 

t 40. 

2). 42. a;»-a;=6(a:-l). 


[Note. For additional drilhexample^s^ see Exercise E.P. 18, p. 263. J 


The Sum and Product of the Roots 
Form the equation whose roots are 3 and 5. 

Either a: = 3 or x ~ 5 ; either a;-;i=0orx-'6-0; 

in either case, (x - 3)(x - 5) —0 ; 
x2-8.r + 15^0. 

Hei^fe, the sum of the roots, fi and 3, equals /he coefficient of x 
with the sign changed ; and the product of the roots equals the 
constant term. 

This hohls for any quadratic equation, if all the terms are 
brought^to one side and if the coefficient of is +1. 

Form the equation w hose roots arc e, /. 

Either x~c or x —f ; either x ~e- {) or ^ -/=:0 ; 

in cither case, (a; - :.)(x -/) =0 ; 

/. x^ - ex - fx -I ef^O; 

- (c -1- f)x -f e/ 0. 

if the coefficient of is -t 1, and if all toms are brought to one 
, fide of the equation, 

(i) the sum of the roots, e+f, =the coefficient of x with the sign 

changed. ^ 

(ii) the product of the roots, ef, - the, constant term. 

This gives a useful method for checl^ing answers. 

Exanfipl^' 6. Solve 2.1^ - a: + 10. 

2a;2_3:-10=0: (2a: - 5)(a; +2) =0 ; 

/, either 2a: - 6 =^0 or a; + 2 = 0 ; a; = 2^ or - 2. 
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Check ; First make the coefficient of unity and bring alS 
terms to one side. 

2a:- -a:* - 10 =0 ; ^ - lx - 5 =0 ; ^ 

sum of roots — coefficient of x with sign changf^ds: + J, and 
product of roots *= constant term = -- 5. 

But Sum*of*roots -2^ - 2 = and product of roots =f x {'-2) 
= -5. . 

• • 

General Statement. If the quadratic equation is • * 

^ ax2-fbx + c=0, 

• be 

divide throughout by a, then + x + - =0. • 

■ 

Hence The sum of the roots = - - . 

a 

(j 

The product of the roots =- . 

EXERCISE XII. c 

WTiat are the roots of the following equations ? Then multiply 
out and verify the relations between the sum and producl^of the 
roots and tlie coefficients. 

1. (.i'-2)(a; -3)-0, 2. (x-i-l)(:r-5)-0. 3. (a; +2)(a; + 4) =0. 

4. (a;-5)(a; + 5)-=0. 5. (ir - 3)(a: - 3) =r0. 6. (a: + ?)(a; - 2) =0. 

7. (2a:-l)(a: + 3)^0. 8. (3x + 2)(a! - 2) =0. 9. (2x+ 5jt3x + 4W0 

Solve the following equations, and clieck your answers by 
finding tlje sum aad jiroduct of tlie roots. 

10. a;2-8.T + 15=^0. 11. a^ -f 12.i; + 35 -0. 12. - 3a: - 28 =0 

13. a:2+5x=24. 14. a:2-8.r — 9, 15. a:®4-a:=20. 

16. 2x2-3x+l-:0. 17. 2x2 + 5.r==12. 18. 3a:2 + 5=8a; 

19. 4.c2+5a:=:6. 20. 21. a:2 = llx. 

22. 4a'2 + 4a: + 1 - 0. 23. Ga- = b.r + 6. 24. 3a:2 + 2x = 5. * . 

Write down the sum anrl the ])roduct of the roots of the following 
equations ; check by solving. ^ 

25. x2-ar + 18^:0. 26. -f lOx + 21 -0. 27. x2 + 6x-16 = 0. 

28. ic®+6a:=^27. 2e.«te= -6 .t= 40. 30. a:® - 65 = 8 x. 

31. 2a:®-a:S=3. 32. 3.i=^2.r + 8. 33. 4a:® + 3x = 10.» 

34. 16a: = 4a;* + 15. 35. 5-a--6x*=0. 36. a' + 2=6x*. 

[^ote. For additional examples, see Appendix, Ex. S.^2,p. 302.]. 
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Graphical Solution 

The use of graphs in sohdng equations has been illustrated in 
Ch. X ; thjeUiext two exorcises provide further practice. 


Example 7. Draw the graph of 2ct* - 7a; - 2 for values of x 
froni - 1 to 4. 

When making a table of values, work by rows, 


» r 

. X^ 

1 

0 


4 

9 

1 16 

2-25 

X 

-1 

0 

1 

;2 

3 

4 

1-5 

2x^ 

2 

0 

2 

8 

. 18 

32 

4*5 

~lx 

7 

0 

-1 

-14 

-21 

-28 

-10-5 

2x^ -lx -2 


-2 

-7 

-8 

-5 

2 

-8 


First take the values a; — -1, o! 1, 2, 3, 4 ; write above the 
table the values of to help you to find 20 ;**. 


When these values have been plotted, it becomes clear that 
the gii^ph can be drawn more accurately if the value, a: = 1 -6, is 
added to the table ; add this at the end. 

The requiiod graph is shown in Fig. 178. 



Fig. 178. 


The various uses that can be made of this graph ^re indicated 
m Ex. XII. d. * 
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• EXERCISE XII. d 

Use Fig. 178 io answer th^ following questions ^ Nos. 1-11. 

1. \VTiat is approximately the value of 2x^ -f7x*-2 When‘S 

a;=r0-4, 1-2, 2-5, 2-8, 3-5, 3-9, -0-5, -0-9 ? /* 

2. What is the least value of 2x^ - 7a; - 2 ? For what value of 
X is 2x^ - lx -2 least ? 

3. State approximately the values of x for which 2x^ - 7a: - 2 

is equal to (i) 2, (ii) !, (iii) -2, (iv) 0, ^v) -5, (vi> -^6. , 

4. For what value of x is 2Jfi - lx -2 equal to 6 ? Ii5 there 
more than one answJr ? If so, why cannot you find it ? * 

5. Is there a value of x for which 2a;® - lx -2 equals* - 10 ? 

6. Can you draw a 'line up the paper about which the curve is 
symmetrical ? Wliore will the line cut the a;-axis ? 

7. For what values of x is 2*t® - 7a; - 2 negative ? 

8. Solve graphically the Equation, 2.r® - 7a; - 2 —0. 

Use the results on p. 199 to say wdiat the sum and the product 
of the roots should be ; then test the answ ers olitained from the 
graph. 

9. Solve graY)hically the following equations, and find^in each 
case the sum of the roots : 

(i) 2a;2 - 7a; - 2 ^ 1 ; (ii) 2.t® - 7a; - 2 = - 2 ; 

(iii) 2a;2-7a;-2= -6; (iv/ 2x^-lx-2^2.^ 

10. If 2a;® - 7a; + 5*- 0, that is, if 2a;® - lx = - 6, find^he ^lue 
of 2x’® - lx -2. Hence solve grapliically 2x® - 7a; + 5 = 0. 

11. S^lve, where possible, the following equations graphically : 

(i) 2a;2 - 7a; = - 1 ; (ii) 2.r® - 7a; - 4 ; 

(iii) 2a;® - 7x = 5 ; (iv) 2x^ - lx = 1 ; 

(v) 2a;® - 7a; = - 6 ; (vi) 2x® - 7a; = - 9 ; 

(vii) lx - 2a® - 3 ; (viii) 7a - 2a® + 6 = 0. ^ 

EXERCISE XIT. e , 

[Throughout this exercise, use the statement on p. J.99 about the 
sum of the roots of a quadratic equation, as a check.] 

1 . Draw the graph 4a; - a;® from a; = - 1 to a; = 5, lEind solve • 
graphically the following equations ? ^ 

(i) 4a;*- a;® =2; (ii) 4a;-a’®=-3; (iii) 4a; -a;* =2*5; 

,,(iv) 4a;-a;® = -1; (v) a;® -4a; -4=0; (vi) a;® -4a; + 3=0, 

For what values of d has 4a; - a;® =cf tw'O roots ? * 
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2. Draw the graph of y =x^ - 5a: + 6 from a: 0 to a: = 5. 

What are the roots of tlio following equations ? 

, (i) - Cyx + 6 — 0 ; (ii) - Hx + \ ~0 ; 

(iii)' - 5 j 5 + 3 - 0 ; (iv) a;* - 5a: + 4 - 0. 

Has a:® - 5a: + 6 a greatest value or a least value, and how much 
■iS it ’ 

3. Draw, on tlie same scale and axes used for No. 2, the graph 
af y ~ 5x -i-,^ from a: —0 to a: = 5. Use tlijs gi*aph to solve 

(i/ a;2 - kr + 8=5; (ii) - r)X +3=0; (iii) x^~5x+2=0. 

Is there a value of x for which x^ -5.r +,8=0 ? WTiat is the 
‘east value of x‘^ - 5.c + 8 ? 

4 . Draw the graph of 7x - 4a;- from a* = - 1 to a; = 3. Solve 

*he following : (j) 7 ^ _ 4.,,2 = 2 ; (ii) 7 a: - 4 .r“ = - 3 ; 

(ui) 7a:-4a-2 + 10 = 0; (iv) Sa.® - 14a: = 11. 
What is the greatest value of 7a* - 4.r® ? 

What can you say 'about the valne of c if there is no value of x 
which satisfies the equation 7x -4x^—c ? 

Solve, iv/ien po^sihlcy the following equations, Nos. 5-7 : 

5. ^'(i) a:^ 4:r = 1 ; (ii) a:;- + 4a: + 2 =0 ; (iii) 0 :® + 4a: +4=0; 
(iv) x^ +4.C +5=0. 

6. (i) 2vr2 - 3 . 1 : - 3 ; (ii) 2.r^ ~ lix + 1=0; (iii) 2x^ - Zx 2 = 0 ; 
(iv) .from the sanie graph, lO.t- - 15a: + 3= 0. 

*7. O') 3 . 1*2 _ 5 j; ^ 2 ; (ii) 3.r.2 ~ 5.r + 1 = 0 ; (iii) 3.^2 ~ 5a: + 2 = 0 ; 

(iv) 3.i:2 ~5a: + 3=0 ; (v) C.t*2 - 10a:+ 1 = 0 ; (vi) 9x*a-15a: = 4. 

8. Draw the graph of y —x^ from a: = - 2 to a: — + 2! 

Draw, with the same scale and axe.s, the graphs of 

f ^ 

(i) /y=:r + 1 ; (ii) ?/ = 4a'+2 : (iii) 1 / = ^ - 1. 

Wliat (piadratic equations can be solved grafiliicalJy from this 
‘figure V 

If you add to the figure the graph of y =x - 1, what can you say 
about the equation, ~x - I 'i ^ 

T ]2 

9. Draw the graph of7/=a:+ — - 6 from a: = 1 -5 to a: = 8. 

. X , 

12 !r ' 12 

/i) Solve the equations (a) a* + -^ - 6 = 1 *5 ; (!>) a; + — =9. 

• 12 

(ii) What is the least value of a; + — , when x is positive ? 

(iii) Cap you use the graph to solve a:® + 12 =8 *50: ? 
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10. Without njalvincf a table of values, state the sign of y, where 
7/ =(j; + 2)(5 -:/•)— 10 + 3.r if a; is (i) -I- 100 ; (li) -100. 

Has the graph of ?y — 10,+ 3.r a higliest point or a lowest 
point ? Do not draw the gr^pli accurately, but makp a rough# 
sketch’ of it on plain pap(*r. / . 

11. Repeat J^o. 10 for the function, 

• , • y— + 2)(.r - 5) = - .3 j; - 10. 


Stflutipn by “ Completing the SquaT;e ” 

The process of “ completing tl:jp square ” of a quadratic flection 
has been explained #n p. 179. • 

Thus, + Oj: becomes a perfect square if we ad(J .3® to it, 
a'2 +6.T -f 3“ — (a; -I- .3)“ ; . - 7x becomes a perfect square if we 

add to it, - 7.r -f 

In general, x^-'rbx becomes a perfect square if we add (^'j 


h\^ 


to it, x^ H hx + 




Example 8. Solve + 6.c — 27. 

Add 3^ to eacli side, x^ + 6:r -f- 3- — 27 + 9 ; t 

3)‘-*-3(). 

Take the square root of each side : the square root of 36 is 
tither + G or - C. • 

X -f 3 — + 6 or a; + 3 — - 6 ; » ^ 

x-3 or -9. • 

For this equation, it is quicker, and therefore better, to use the 
previous methofl? thirs : 

:f2 + G.r - 27 - 0 ; /. {x - 3){x + 9f -- 0 ; 

X- - 3 — 0 or X 9 --- 0 ; x — 3 or - 9. 

There are two distinct stages in the general method of the 
solution of quadratics by “ (‘ompleting the square.” Ex. XII. t 
is intended to socuro familiarity with one of these stages, before 
the complete process is practised. 

» 

• EXERCISE XII. f 

^Ive the following cf|uations, using, where neces'ftary, the • 
approximate square roofs given at the end of the Exercise. 

1. {X ^'6)^=9. ^2. (^ + 3)2r.25. 3. (.-r -4)2-1.* 

4, (a: + 1)2-1-. 5. (:c -3)2-4. 6. (x-2)2-2i. 

7. (a;-2)2 = 3. 8. (a; + 3)2-l(f. 9. {x + \)^^-^2. 
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10. (x-%y = 9. 11. (a: + i)*=4. 12. (3:-^)*=^ 

13. {x-y=^i. 14. (a; + i|)*=^. 15. (*+S)*=M- 

lei. (x-i)>=f. 17. (x + J)»=V- 18. (»+!)*={• 

[v'i.==l-41. s/3=:^l-73, ^/6 = 2•24, VIO^^^S IG.] 

The method of “ completing the square should only be used 
when no simple factors can be found, as in the next two examples. 


Example 9. Solve - lx - 5=0. 

■ lx =5; 


Add to each side 


QJ- 


/7\* - 49 

f 7Y_20+49_69 
• • r 2/ “ 4 “ 4 ’ 


Take the square root of each side. 


1= ± 


V69 


‘7 V69 7 veo 

••• *=2 + ^°"* -2 — 2 -- 

To jSnd the values of the roots to (say) 2 places of decimals, W0 
find the, square root of 61) to 3 places of decimals ; V99 =8*307, 


or x=^ 


The roots, ^= 2 ' 


1 8-307 

"^“2+ 2~'- 
8-307 


7 8-307 15-307 ^ 

: 2“ =“2 


7-8-307 

2 


1-307 


2 “ 2 ~ 2 
a;-- 7-65 or -0-65. 
V69 7 VBO 

2 ~ 2 ~ 2 ~ 


= -0-65. 


shortly as - ^ 

Check : The sum of the roots =^^7-05 +( - 0-65) =7, which is the 
coefficient of x with the sign changed. 

The product of the roots -65 x ( - 0-65) ^ - 4-97, and this is, 
approximately, equal to the constant term. 

It is impossible to find any wlfole number or fraction whose 
square is exactly 69. The square root of 69 is therefore called an 
irrational number; and we call the*^oots of the equation, 
- lx -5 =0y irrational. The roots of the eejuation, Sx^ + 6a: =9, 
(see Example 5, j). 197) are |, - -J ; we call the roots of this 
equation rational, because their exact values can be expressed as 
whole nombers or fraction^, i.e. as the ratio of two integers. 
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Example 10. • Solve 3a:* + 11a; + 4 =0, giving the roots correct 
to 2 places of decimals. 


3a;* + 1 la; = - 4 ; 
^11\* 


a;* 4- = - 


3 ' 


Addtoea«h8ide(y)*. a;* + y pj +(^^Y= -|+ ; 

* . / . nV -48 + 12173 

i •• r'^‘6 y “ 36 “36 » 

* 

Take the square root of each side. 


11» . V73 

■■^.+ -6=-V = 

11 V73 11 V73 

+ --6 - e-- 


From the tables, V 73 =8-544, 

-11 +8-544 

- 1 1 - ^-544 

or x=- 


2-456 


= -0-41 


19-544 

_3.26; 


6 “ ' ~6 
x= -0-41 or -3-26,' to 2 places of decimals. 


Example 11. Find the sum of the squares of the roots of the 
equation, 3.u* + 1 la; + 4 = 0. 

Lot the roots of the equation be a and fi. • 

From p. 199. a +^ = and aP~%; » ^ 

a* + 2a/?+i5*=i|i;# 

but 2ai3 = 8, /. a*+^*=l-gi-§=V-; 

• * a= 1-/32 = 1011. 

NoU. This method is simpler than finding eacli root separatelyi 
as in Example 10, and squaring it. .» 


EXERCISE XII. g 

What number mus^ be added to the expressions in Nos. 1-9 to 
make the result a perlect square ? Of wha4) is it then the square ? 

1. a;* -^lOa;. 2. a;* + 12a;. 3. it* -'r3a;. 

4. a;* - lx. ,5. a;* - ^‘a;. 6. a;* + f a;.,^ 

7. a:*+ga;. * 8. x^ -^x. 9. x^-^x. 

The equations in Nqs. 10-18 have rational roots. ■* Fi;*st, solve 
them by completing the square ; then solve by the direct factor 
riiethod. iCompare the length of the work and the results in 
the two cases. * , 
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Check your answers also by calculating the sum and the 
product of the roots. 

10. 6a; =40. 11. a,2+ 5a; = 14. 12. a‘2 - 10a; + 21 =0. 

13. a;2+"l3^, + 22=0. 14. a;2+a; = 12. 15. a;2-9a;=52. 

16 3a;2+2a;=8. 17. 2a“2+a; = 6. 18. 5U2-4a; = 15. 

In gfolving the following equations, use the direct factur niethod 
whenever it is easier to do so. If the roots are not rational, work 
out eacli root cqrrect to tw^ }>laces of decimals. 


19. 

a:2 3. 

20. 

2a;2^3. 

2i. 

2a-2^9. 

22. 

as3 + 2a; = 5. 

23. 

x^ - 2.a; = 5. , 

24. 

x‘“ - 2a; = 8. 

25. 

a;- + 6a; = 8. 

26 

- 6.r = 16. 

27. 

a;2 -6a; = 12. 

28. 

- 10a; 4 15 =0. 

29. 

+ 14a; + 33 =0. 

30. 

.t 2 - 12.r =25. 

31. 

a;2- 12a; + 36=0. 

32. 

a;2-20.r=33. 

33. 

a;2 + 16a; = 17. 

34. 

+ 3a; =2. 

35. 

a;2 -5a; = 3. 

36. 

a;2 - 7a; + 9 =0= 

37 

a;2 -7a; = 30. 

38. 

a;® +a; = 8. 

39. 

x-2 -x = 1. 

40. 

x^ + 5a; + 2 = 0. 

41. 

x‘ - a; -2. 

42. 

-1-15= 9a;. 

43. 

3a'2 +4a; = 2. 

44. 

ox^ -8a; + 2=0. 

45. 

3.r2-H5.r=2, 

46. 

3a’2+8a;+2=0. 

47. 

7rt- " - -la- — 4. 

48. 

2a;‘^ +7a; = 3. 

49. 

2S2-6x- = l. 

50. 

,3a;2+a;=2. 

51. 

4.r2 -6a-=3. 

52. 

2x^ = 3a; + 6. 

53. 

6a‘^ + 4.r = 3. 

54. 

10a-2^2a; + 6. 

Find the sum of tlie squares of the roots of the following 
equations : • 

55. 

5x=24. 

56. 

a;2-5a; = 3. 

57. 

a;2 + 7a; + 4 = 0. 

58. 

2x^ + 5x — 3. 

59. 

2x^ - 9a; = 4. 

60. 

5x^ - lx -f 1 = 0. 


[ . F or additional drill-examples, sec Excrc iscE.P. 1 9, jo . 2 54 . ] 

Problems 

Example 12. If a stone is projected vertically upwards from 
the- ground with a velocity of 80 foot per second, its height above 
the ground after t seconds is (80i - lOit^) foot. After what time is 
it 75 feet above the ground ? Is there a tiino when the stone is 
104 feet above the ground ? 

[This formula neglects the effect of air-resistance.] 

(i) If it is 75 feet above the ground afi er t seconds, ^ 

80^-lG/,2 = 75; 

• ' 16<=-80<-l-75=0; ^ 

(4«-15)(4«-5)=0; 4< - 15 =0 or -5,7=0.; 

' - < = or f. 


r 
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The stone is t^ierefore 75 feet above thjs ground, after sec 
and after SJ sec. 

The first answer refers to*tbe upward motion, and the Second 
to the downward motion. * f * 

(ii) If it is 104, feet above the ground after t seconcis, 

- . 8f)«- 16^2 ^104; 16^2-80/ + ]04=0; 

• A + = . 

A)!! = -J. • 

But it is impossibl| to find a number whose square is negative 
•J xi=-J and ( -i) X( - i)=f. 

there is no value of t such that (< -|)*= - J, thal is, such 
that 80< - 16<2 = 104. 

This means that the stone never rises as high as 104 feet above 
the ground; and we say that the equation 80f- 16^^ = 104 hae 

no roots. • • 

Example 13. Is it possible to find a value of x, such that 
a* - 6ic + 13 =0 ? 

- G.r — - 13, • 

Add to each side 3^, - G.r + 3- = - 13 + 9 ; 

{x - 3)2 = - 4. 

But it is impossible to find a number whose square i| negative ; 
2 X 2 ~4 and ( - 2) X f - 2) — 4. 

tliore is no value of x such that (x - 3)^ = - 4, thal) is, such 
that f 13»- 0. We therefore say that the equation 

a:2 - 6x + 13 - 0 has no roots. ^ 

If the graph of y - a’2 -6.r 4 13 is drawn, it will be found that 
the le-ast value of y Ls 4. I’here is no vtflue of x for which 
x^ -6x-\- Hi is less than 4 ; this also follows from the fact that 

- Ga; -f 13 equals (.c - 3)^ 4 4. , 


EXERCISE XII. h * 

1. I think of a number : then square it and add the originai 
number ; the result is^5G^.* What number did I choose 1* 

2. Theblongtli of a room is 3 ft. more than the breadth ,and 
the floor efrea is 270 sq^, -t. Find tlio length and breadtji. 

• 3. Find^two consecutive odd numbers such that the sum of 
their squares is 650. • , 
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4. In Fig. 179, AD . BD is 48 sq. cm., find AD. 



A C B D 

FlO. 170. 


5. In Fig. 179, AC* +CB* is 40 sq. cm., find AC. Can find 
^ AC so that AC* +CB* is 24 sq. cm. ? 

6. The sum of the first, integers 1, 2, 3, 4, 5, ... is \n(n + Ih 
How many xiiust be taken to add up to 120 ? 

7. lead sheet, 6 ft. wide, ol indefinite length, is bent to form 
an open rectangular gutter ; the ^rea oi its cross-section is 
640 sq. in What is the width of the gutter ? (see Fig. 163, p. 163). 
Can it be bent so that the area of its cross-section is 5 sq. ft. ? 

8. A stone is projected vertically upwards so that its height 
above the ground after t seconds is (88^ - 16/*) feet. After what 
time is it 105 feet above the ground ? 

9. With the data of No. 8, find the length of time before the 
stone strikes the ground. 

10. An ?i-sided figure has h({n - 3) diagonals. How many 
sides has a figure, if it has 135 diagonals ? 

11, A man is rr* years old and his son is x years old. If the 
man lives to the age of 13.r, his son will tla^n bo x* years old. How 
old is the man now ? 

12 The rectangles in Fig. 180 are of equal area, and the units 


.r+z; Jr+7 



FIG. 180. 


of the dimensions are inches. Fmd the difference between the 
perimeters. 

'IS. If a;* degrees F. of N. is the same direction as 3 j 7 degrees 
*3. of S., find the direction. 

14. The units of tl^e dirnensioi^ in Fig. 181 are inches and the 

X 






13 

FIG. 181. 

area o£ th^ figure is 60 sq.' in. ; find x 



X 




m.] QUADRATIC EQUATIONS 209 

15. If OT is a tjingent to the circle in Fig. 182, it can be proved 

that OT®=OP.OQ. Find OQ if PQ = 9 in., 
and OT = 6 in. ^ 

16. A- marble rolls down a Sloping groove 
and travels (4^.+ \t^) inches in t seconds. How 
long will it take to roll 10 feet ? What is the 
meaning of^tlie negative answer ? 

17. Fig. 183 represents a rectangular lawn 

with a rectanginar j5<^wer bed in the middle ; ^ 182 . 

the grass is x yards wide on each side and 

the grass area is 720 sq. yd. Fiftd the dimensions of the flowej 
bed. • 

18. The sum of two numbers is 9, and the sum of their squares 
equals twice their product. What are the numbers ? 




Fig. 183. 



Fig. 184. 


19. The product of two consecutive odd numbers exceeds 
twelve times the intqfinediate even number by 27. \i^hat is the 
even number ? 

20. Find the j)§rimeter of the triangle in Fig. 184, the units 
being incfies. 

21. I buy a car for and sell it for £12. 15s. at a loss of x per 

cent. Find x. , 

22. If 1(2; - l)(a7 - 2) and J (x + l)(a; + 3) are consecutive integers, 
what integers are they ? 

23. Find the distance from B of a point P on BC in Fig. 185 



B 16 in. C 

* Fig. 18.^. 


such that PA =PD. [The point P is not shown in the figure.) 




210 A NEW algebra [ch. xiij 

24. The comers of Fig. 186 are all rightrangled, and the 

measurements are in inches. Find x, if the 
area of the figure is J sq. ft. ' 

25. A cricketer has scored 368 runs. In 
his next match he is out for 12 and 16 in 
the two innings and thereby reduces his 
average by 1 . How many times was he out 
altogether ? 

26. My coal bill last yf>ar was £28. This 
year I*^havo to pay 5s. a ton more for my 
coal. If I can manage to use 2 tons less, 
my ccal bill will remain the same. How much coal did I use 
last year ? 

27. Fig. 187 shows 3 circular arcs touching each other at 
A, B, C ; tiie radii of the arcs AC, BC are 3 in., 5 in., and the arc AB 
is a quadrant . Calculate the radius of arc AB correct to one-tenth 
of an inch. 

28. If the area of Fig. 181 is 40 sq. in., the units in the figure 
being inches, find the value of x cotrect to one place of decimals. 


4 A. 

/ 

ft * 

R 

D 

■>^90 — ^3 rn.p.h. 

f 


A^ 

B 

q'.' 

C P 

Fig. 137. 

C 

4 ffi.p.h. 

Fig. 188. 


.r X 



29. Fig. 188 shows two cross-roads AOB, COD ; P passes O at 
2 p.m. walking at 3 rn.p.h. along AB ; Q i)ass\3s O at 2.30 p.m. 
walking at 4 rn.p.h. along CD. When are P and Q 3 miles apart T 

30. Using thu data of No. 8, find whether the stone roaches a 
height of 125 feet. 

After what time is the stone 100 feet above the ground ? 

Whicli of the follownDg equations have no roots ? Do not solve 
aqy of them. 


31. 

(i) 


-9=0; (ii) 

-f 4 = 0 

; (iii) 

1 

CO 

II 

o 

32. 

(i) 


-2a:-3<i=0; 

(ii) - 

2a: + 1=0 

; (iii) a;® - 2a; 4- 5 = 0. 

33. 

(i) 


+ Sir 4-12=0 

; (ii) 

a:* 4- -f 

14=0; 


(iii) 

x^ 

"j- 8x -f- 1 6 = 0 

; (iv) 

4- 8a; -j- 

17=0; ' 

CO 

\i) 

x^ 

-X -1 =0 ; 

(ii) x^ -X 

:+fp0: 

(iii) 4a;^ - 4a; 4- 5 =0. 


For addilioiml j)rohlem8, see Appe7idix, Ex. S: 13, p. 304. J 
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Reduction to Lowest Terms*' 

Fractions in Algebra are sirnpl^ied by precisely the same 
methods as" are used in Arithmetic. 

Example 1. Express in its lowest terms. 

+xy_ x(x + y) 

3.2 ^y^~~ (x -\-y)(x -y)* 

r 

Divide numerator and denominator by (a; +1/), 

1 . x!^+xy_ X ij 

- 2 / 2 “jc - y ■ 

This fraction cannot be rediiced any further, because there is 
no factor common to x and x - y. 

If we divide numerator and denominator by x, we shall have 

= — i— ; but this ia a less simple form , 

x-y jjy 

X 

Example 2. Simplify (i) ; (“) 

V 


(i) Multi]:)ly munerator and denominator by 6, 

X ^ Ca? + 3 3 ( 2x + 1 ) 

a' + Ga? + 2 2 ( 3x + 1 / 

(ii) Multiply numerator and denominator by uv, 

1 vv uv ' 

V u ’ 


Or 


11 \v vj \ uv J 


V 


= 1 X 


uv 


Example 3. Simplify 


but 


uv * 

v+w v+u' 

2a^ + 06 - 36* 

5* -g* __ (b + q; ( fe -a) . 

2o* +a6 - 3b^~(a - b) (2a + 36) ’ 

6 4a~a+6 and b-a=-(a~b); 

. vv. r X- -(a +6) (a -6) 



XIII.] 


FRACTIONS 


213 


Divide numeraiwr and denominator by (a - b), 

a 4 b 


the fraction = - 


2a 4" 3b 


This fraction cannot be simplified further, because there is no 
factor common to a + 6 and 2a 4 3b. 


EXERCISE XIII. b 

Express the following fractions in thtfir simplest Sorjn. 
is no simpler form^ say so. 

17-8 


(ii) 

(ii) 


If tfiere 



25. 


28. 


31. 


34r 


37. 


r-3 
3x-\‘2{Q^+y) 
x(x-hy) 
x y -\-ax 
xy-\-ay' 

2 (ct + 6) 4 " 3(ce — b) 
~7oTbT(a“-b)’"* 

■¥ bxy ~ 2y^ 
ix^ + 7x2/ - 2y^ ' * 


11 . 


14. 


17. -- 


20 . 


23. 


26. 


29. 


32. 


a + J-c 


#35. 


38. 


30+40 

(hi) 

5 !* +42 , 

1200 ’ 

5 a _ 44 • 

5*+ 18. 

(hi) 

g 2 . 

50-18’ 

82-24’ 

a® +ab 

(hi) 

bP 

a’^-ah' 

b 2 '-bc’ 

, 8 w + 8 y 

• 6 . 

r +r 2 

+ Gy * 

5 + rs * 

4m + ^n ^ 

9. 

xy - xz 

4m -in' 

X?/ +XZ * 

p^-pq 

12 . 

o 2 +b 2 • 

pq - • 


- a' 

15. 

b -c 
cTT^’ 

r- - s“ 

18. 

2 x + 3y 

s - r 

3x + 2y '• 

C +f/ 

Xd + f )2 • 

21 . 

a - b 
ih -4a' 

X - 2 

24. 

V-z* 

a® + X - 6 ' 

• 

(Z - 2 /)*' 

( 2 a- 2 b )2 

27. 

a:Z + 4a; _ 32 

(3a - 3b)2 ' 

xy ~iy ' ■ 

.x* - 6 x + 5 

30. 

3o»6 - 3o6» 

“i -X * 

a® + ab 

-f- ^ 

33. 

2 x 2 _ 7aj 3 

i^TT* 

“ ( 2 x“ 6 ) 2 “ ■ 

(l-a)(l-5) 

. 36. 

6 p 2 + 5pf - 69^2 

(a-i)(“b-lV 

6 p 2 -pq- 2q^ 



1 . 

\a 

39. 

Hi. ' 

J’ • 

c-4j 



2d* 
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40 . - 


43 . 




a 0 
a + h * 



1 - 


42. 


C +-+2 

c 


a; + 1 


45. 




Addition and Subtraction 

Two fractions are called equivalerj, if eitVier can be reduced to 
the othei by dividing (or multiplying) numerator and denominator 
by equal expressions. 


Thus, 


x(x +y) 


is equivalent to , ' v/ "--v or 

x-y ^ (x-y)(x+y) X' 


r® + xy 


-r 


As in Arithmetic, fractions are added and subtracted by 
replacing any of them by equivalent fractions, so arranged that 
aU the denominators are equal. 


Example 4. 


2 1 

Simplify - + - — . 
* ^ X x ^-y 


Make the , denominator of each fraction x{x +y), 

2^ 1 _ 2(x+y )^ X 2(x-\-y) -\-x 

X -\-y x{x + yy x{x + y) ^{x + y) 

2x 4* 2 ?/ + X 3x + 2y 

~ + y)~ ” x(x Vy) * • 

Leave the denominator in factors. 


Example 5. 




a +26 


The expression = -“ • 

The L.C.M. of c{a-b) and (a+6)(a-6) is a{a-b){a+h); 
make the denominator of each fraction a{a - b)(a +6). 

^ . (a+6)(a+6) (a + 26)o 

The expression 

< _ + 2a6 + 6^) - (g^ + 2ab) 

~ a(a + 6)(a-6) 

___o* + 2a6 -I 6® - a* - 2ab _ b® 

“ a(a + b)(a - b) ~a(a +b)(a -b) * 
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Example 6 . Sftnplify x - 


X - y 

* x{»-y), 

U/ *— _ " * f 

1 x-y 

. xi, ’ . xix-y) rr* x(x-y)-a^* 

• x-y x-y x-y 

* x^ -xy -x^ _ -xy 

• 'x^ ~x-y 

^y_ 

x-y* • 

. We may write this answer,® 

y-x 

. ~xi> -\-xy xy 

because = ‘ — r= — ^ . 

x-y (-l)(a;- 2 /) y-x 


EXERCISE XIII. c 


Copy and complete the following : 

, 3 ? .... ? ? ..... 

1- (>) K=^s! (“) (•«) 

1 ? 




2- « 1=1=^’- (“) a 


-6 a(a-b) -b^ (a-h)^ 
pq ? ? 


. 6 ? ? 

a./«2 » ~\-2q~q{p +2g)”(p + 2g/tp + 3^)" 


c 2c c 4- ’ 

? ? 


4 i - —-.L* ^ r'\ _ • " 

a:(a; -y)~^xy(x -y)^^x{x ~ 3 /)tap -2y) 


Find thp L.C.M. t)f the following : 

5. 2.r - 2y, 33; - 3y. 6. 4a + 46, 6a ■ 


66 . 


7 33^2 - 3, r>3: + 5. 

9. 4y - 4z, lOs - lOy. 

11. a2-62, a2-2a6+62. 


8. p^ -pq, pq-q^. 

10 . x^y +x^y^* x^y^ - xy*. 

12. X* + x -6, X* -7x + 10. 


Replace the following pairs of fractions by equivalent fractiont * 
with denominators equal to each other. 


13. 


1 


a: + 1 «a; - 1 ' 




X 

x-y' 


14. 




1 . 

a ’ a +6 ’ 

3 6 


15 -i_ . . 

6+c*' 6-c 


18. 


2+2 


x^ - y^ ' X - y ^ 2a + 2 ' 3a + 3 * *”’ 62 ’ 22 + 6 ' ^ 

Express ^lie following g,s single fractions in their lowest ^ternuu 
Leave the denominators iri factors. 

1 cl ft/v 1 


1 


3 


2 
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2 i 

a a 

fi-b a 4 - 6 ' 

23 . 

1 1 

6 '^ 6 - 

C ' 


24 . 

rs 

25 . 

'n * q 

— 4.—^, . 

26 . 

1 - ^ . 


27 . 

-J+-V 


p+q p-q 


X - 

- 2 / 



2 X - 2 y 

00 

M 

ab 

a 4 1 • 

29 . 

\ 

7 ,. 


30 . 

1 r 

a-b 


p pa 

4 -P 7 



T 

31 . 

1 I 

32 . 

6 

26 4-c 

1 

2* 


CO 

CO 

1 2 ^ 

X xy - 

34 . 

1 1 


n 

35 . 

X 4 y 

X - 

y 

2 a - 26 3 a - 




a; +1/ 

36 . 

^ 



37 . 

1 1 

— I- — 

1 



t .1 

1 

55; 

1 




y 

2 / + 


38 . 

^2 

7 / 4-2 4 - 

7 / -2 



39 . 

c 

6^ 4' 6c 

6 - c 

"^(6+0)2’ 

40 

1 2 

a; - i a ’2 + 2 .r 



fl- 

1 

X ~2 

2 a :2 

7 

- a; - 6 * 


[d 


42 . 

44 . 


3 __^a-26) 
a + 6 a' 

, <-3 


2-62 * 
t-l 


43. 


1 


1 




+jr -(} a?2 - a; - 1 2 ’ 

4- 27 

y;2 _ 4^y2 _ 2^* “ 


45 . 


Multiplication and Division 


Exanoinle 7. Simplify — x 


X^ - 4/^2 7y2 _ 


a; + 7/ 2^2 - Bxt/ 4 2 //® ‘ 2x - y ' 

mu • “ y) + 2/y)(a; - 2/y) 2a' - '»/ 

^ 3 : 4 - 7 / (2x~y){x-2y, y{y -x) 

^ a:(a: - ?/) ^ (j;4-2? y)(3: - 2?/) ^ 2.r - 7 / 

, x-\-y (2x~~y's{x-2y) -y{x~-y)’ 

Divide numerator and denominator by the common f acton 
(-*^- 2 . 7 ), (2x-y). 

the expro««ion= +2y) _ _ . 

* > -y{x+y) ^ y(x+y) 

EXERCISE XIII. d 

Simplify the following : (I * * 

* - 2a 2ah 4 - 6^ 

6 -c c -6 


rt “ a? 6a: 


« a;2-5a:4-6 a:4-2 

3 . 


4 . 


c 4-6 ■ 6 +c* 


a; 
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c , - 1 . 

_ a ~.b b - c c - a 

7, X j X — , . 

a - c b -a c-b 


^ a h c d 
b c d a 


8 . 

10 . 


- 3a? ^ . 7 ^ ~ 5 a? + $ 

2x^ + lx-h3 ‘ 2x? -3x -2* 

x^ -y^ J 1 

x^ - 2xyT^^ xy + 2 /® 1 


11 . 


+a; - 6 » 2x2 - I 


X 4- 1 


X 4-3 


12.; 


a® - 4 a +4 9 o* - 6 a + l 


60-2 « ^a*-.12 


8 ® - - 2 6® - X® - 9 

X* - 2 x - 3 ^ X® tgx + 6 ’ 


14 x2 + (a + l)x+o 
x“ + 2ax +a““ 


, - x2 4- 2x - 8 x® - 8x 4- 1 5 x^ 4 2x - .3 

15 . — „ — X ^ X . 

o — X jr“X 2x 


6® 4- 


b^-h3bc 


ifi 51+ + __ 

^ '*• 6^^ - 3V-C ■ 6» + Sbc +~6c* • b - 3c' * 

17 . (, 4 '^^- 7 )>,(x + “-«Xx + |-i); 

- j. - 4(:/?) - 552 a2 ^ ~ “ 262 

a2 - 2a6 ~ i 562 ^ ^2 - 4a6 ‘ o2 - a6 ~ 1 262 * ^ 

[^o^c. For additional drill-examples y see Exercise E.P, )L0yp. 264. J 

Further Simplification 
Example 8. Find*the L.C.M. of 

x2 4-x~6, x2-x-12, 16 -x 2, 2x - x2. 

Uso tSe method of factors, as in Arithmetic. ^ 

x2 4' X - 6 -(x 4- 3)(x -2) ; x2 - x - 12 =(x 4- 3)(x -4) ; 

lG-x2-r(4 4-x)(4-x)-= -(x4-4)(x*-4) ; 

2.r --.x2 =x(2 -x) — -x(x - 2). 

/. the L.C.M. is x(x -2)(x -f-3)(x -4 )(x4-4). • 

Example 9. Simplify (f -^(l • 

First reduce the contents of each bracket to a single fraction. 

~ 4- 6 \ , /o 6 - 6\ 

) \ a - b ) '\ 04-6/, ‘ 

(«4-6 )(o -6 ) 

~ — ir~;, 7, 

'10 

_ (a4-b)2 

ab 


The expression = 


a 0 4-6 

. pX 

0-6 a 
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Example 10. Simplify 

The expression 

_ 3(a; + i/) 


Z{x+y) . 3a!+ y 
x^+xy - 2y* -»* ’ 


3a!+y 


^Ix -y){x+2y) (y+x)(y-x) 

— + y) 3x 4 y 

~(x- y){x + 2y) ('x + y)(x-y) ’ 

3(x4-y)(x4-y) {2x+y)(x + 2y) 


since (y-^»)= •-(3'--yV 


(x 4- y)(x - y)(x 4- 2y) (x 4- y)(x - y )(x 4- 2y ) 
_ 3 (x* 4- 2 xy 4- y^) -(34® 4-7xy 4-2y®) 

(x+y)(x -y)'(x 4 - 2 y) 

. _ 3x* 4- 6xy 4- 3y® - 3x® - 7xy - 2y* 

“ (xTyj(x"^j(xT2y) 


y» -xy 


-y(x-y) 


(x4-y)(x-y)(x4-2y) 


(x 4 -y)(x -y){x+2y)' 

^~lT + 7^iT'2jy 

Fractions should always he expressed in their lowest terms. 
Before showing up an answer, see whether the numerator and 
denomkiator have any common factor ; if so, simplify the 
fraction. 

EXERCISE XIII. e 


Copy ana complete the following : 


1. 


h -c c - 

1 




- 6 ®’ 


2 ^ V ,7 


x-\-y 




(6 - c){a ~c)~(a- b){b - c)(c - a) * 

. b -c ? 

(a-Sy(o-cj~(a-6)(6-c)(c- a)’ 

Find the L.C.M. of the following : 

5. + X - 2, - 10, x^ - - 5. 

6, a^ a, + 2a + \ , + ah + a + b. 

7« ar* - xy, y^ - xy, 2xy -x^ ~ y^. 

8 . x^ + x^, x^ +2x -S, 2 + x -x^, X - x*. 

Simplify the following ; 
c •vd d — c 
*■ - 3^* ^ xy ~ a;* * 


9. 


10 . 

V-'<i q-p 

12. — -w, v +r- 


1 


(a - 6)(o - c) (c - a)(c - 6) “ 


11. 



xra.j 

3. 

15 

17. 

19. 


FJRACTIONS 


5 4 8a 

a + h a - 6 6* - ' 


? + l 


2-3 
2*^ -42 +3 22-1 


a a* 2a 


1 l a: 

I +KZ T + i 


- - r + 2s , d+2r 

14. —Q 1 — s • 

r2 - rs s 2 _ 

, 5 . 3 _4 ; 

y+3 y+4 ^+7 

18 JL+JL-’—i— 


i 2a? - 1 2a? + 1 1 - ^a? 


- 1 . 


a 

9 


20. 


21. 

i'-M' 

22. 


23. 

a-iH 

24. 


25. 

(.-i« 3 ; 

26, 

4 1 r> 

27. ‘ 

6 + c 6 - 1 ‘ 

a: - 2 a? + 3 a? 2 4 - a: - 6 ' 

6 -c'^6 +c 

28. 

f ^ ^ y \f^-y y-^\ 

[^^y y -^J[ a? y ) 




46c 


29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 


/a ® g - 6 \ 
\ 6 ^ a - 6/ a -I- 6/ 


a ^ 26 


.5a6 


2 (j + 6 ^ a ~^>6 2a2 - 3a6 - 26* 

{ T^} (p ‘ 0 ■ 


1 


x’2 4- a? - 2 a:2 4- 2.r - 3 a?2 4 - 5a? 4- 6 


3a?2 - ixy -\-y^ 2x +y y^ -xy - 6a:* * • 

f_l ^ \* a* - 2a - 3 

\1 -*0 1 - a"'*/ - 6a + 9 ’ 

_A± c c+g 0 4-6 

(6 -a)(c-a)^(c - 6)(a -6) (a -c)(6 - c)'‘ 
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Equations 

Example 11. Solve = 1. 

Multiply each side by (x - 2){x + 1). 

/. a;(a; + l) -3(3r-2)={3;-2)(a: + l). 

.*. +a; -33; + 6=ar® -aj -2 ; 

/. - 3 ;= - 8 ; /. x= 8. 

Check, lix — 8, left side-= f - 4= i"-i = l- ** 

Exaipplel2. Solve ^ * . 

Multiply each side by {x - 6){x - 4)(a: + 2). 

5(a:-4){a; + 2)-4(a:-6)(a: + 2) =3(a; -6)(x -4)., 
6(j:»-2a;-8)-4'x*-4a;-12) =3(a;2 - lOx + 24). 
5x’‘ - 10a: - 40 - 4a:* + 16x + 48 = 3a;* - 30^ + 72. 
-2.c* + 36a: -64=0; a:* - 18a, + 32 =0 ; 

(a: -2)(x - 16) =0 ; x •' 2 =0 or x - 16 =0 ; 
x = 2 or 16. 

Check. If x = 2, leftside = - U +2=} ; 

'' right side = J. 

If x = 16, left side = = i “ J =i ; 

right side=i%=J. 


EXERCISE XIII. f 

Solve the following equations : 

2 . 


1 


1 . - = 2 i. 

X ^ 

o 

4. 


I 2 


1 5 

1 


p-i p 


c 1 1 

5 - *+x+ 2 =<>- 


7. r=-. 

r 

10 1--?- _L 


8. r = 


r + 1 


= 0 . 


12 . 


23; - 1 63 ; - 1 

Sx + 1 93 ; “ 3 

33*2 + 5 


14. 33f + 6- 


53 ; + 3 


16 5 - 2,3 

x-8~x-3'^x+2‘ 


18 . 


1 




2j/ - 3 y 2y* - 3y 


6 . 1 = 4 . 

3 ; + 6 


9. r-l=: 


11 . 


r + 1 
5 


5 ^ 

rt + Q 4* =0e 

y~2 y-3 2-y 


13. -'= 2 


15. 


p~p-{-l Spv-l 

3 2 ^ 

* 3 ; + 4 3;+3"”3; + l’ 


17 . 6 I 1 

* I -X X 


19. 


1 1 _^1 
3;-2“3? + l“6’ 
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21. + ’ 3r-l 


23. 


r + 2“^r2-4’‘6(r-2) ' 

3a;* 4 / 


24. 


4 3^-3 


10a; + 10 


x^-l~x-U 

25. 2ll=!il2^»±2. 

v-1 v-6 


y - 3 «;* - a; - 6 3a; + 6 

26. j + — o — correct iJg one place of decimafs. 

X ^ 1 X ^ su X ^ tj # 

2x ^ X "^ \ X * 

27. — ^ ^ -= correct to one place of decimals. 

*aj~l a; + l x ^ ^ 

12*2 . * 

28. rtH z= ccfrroct to two places of decimals. 

X A X — lx — o * 


Miscellaneous Fractions and Equations 
EXERCISE XIII. g 

Simiilify the given expre^ions, and solvd the given equatiolS 


1. 

] 

1 



1 

1 1 



1 

1 1 

2 ” 

X - 

2 * 

2. 

2 

.r - 2 ” 4 

w 

3. 

X 

^ 2x 3x * 


1 

1 

1 1 


X 

X + 1 



X 

x + 1 , 

4. 

— f- 

X 

2x' 

II 

. 5. 

3 - 

“”5 ■ 


6 . 

3 

— r:-=*i- 

7. 

1 - 

1 


8 . 

2 + 

1 

1. 

9. 

X 

3^2 

+ 3 0 


.r% 

1 

2x + 1 




^ X - 3 

10. 

1 

3x‘ 


1 

' H J 

• 11. 

1 

3x 

1 

3.r + 3“ 

1 

'4x* 

12. 

X 

X »1 - 

+2 x;~^' 

13. 

.T 

1“ 


14. 

X X 

2x - 4 3a; - 

ng* 

15. 

X 

^.+1=1, 

- 1 X 


16. 

(HHi-p)- 

17. 

(?--Ks- 

')■ 

18. 


• ^2 

19. x+4 ^ = 

X -4 


20. 

a«-2afc4 6* a^-b<‘ 

21. 

fc-2-5W 

1 

cV 

a* - 6* a* + 2a6 + 6* 

r ^ cJ-[ 

22. 


23. 

• X 3.r 

X + 1 2 h*2x 

-2. 

2^^ 

3 4 _ 7 

X +2"^^ + 3~‘x •!-(>* 

25. 



26. 

l_^x + l ^_1 

X x(x - 1 ) X -Hf ‘ 

27. 

2 1 

X - 1 2 - X 

1 • 

:*-3' 

*28. 

6 • 3 12 

•29. 

(x+ 2 /)* -z* 


x-2 x~x(x-2)' 

{x+y-zf,' 

• 



34. 


x + 6_2 a;+4_4 
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32. {(r+s)« + (r-«)»}^{j+J}. 


]]cs« 


X 


33. 


= 1 . 

2 


2a; - 4 3a; - 6 

1 _3 

x + 2~x-20 x-5* 

6 + 1 1 
8 * 


35. = 

6-1 “ 5a i 


[Note. For additioiial examples^ see Appendix^ E r. S. 1 4, 7?. 306. ] 


ProHems 

Example 13. From London to Bristol* is 120 miles. The 
average speed of one train is 9 miles an hour more than that of 
another train and this train takes 40 minfites less time over the 
journey. Fin,d the speed of each train. 

Let the speed of the faster train be x miles an hour, 
the speed of the slower train ii| (a; - 9) miles an hour. 

120 

Then the faster train goes 120 miles in — hours, and the slower 

train goes 120 miles in hours. 

® a; - 9 

But the time taken by the faster train is 40 min. or | hour less 
than the time taken by the slower train. 

120 2 _ 120 ^ 

^ ' ' X ^3'~a; - 9 ' 

360 (a;- 9) + 2a; (.r- 9) = 360a;; 

300a; - 9 x 360 + 2a;2 - 1 8a; = 360a; ; 

2a-2 - 18a; - 9 X 360 = 0 ; a;^ - 9a; - 9 x 180 =0 ; 

(a; 45)(a; + 36) =0 ; a; - 45 ^0 or a; + 36 =0 ; 

a* — 45 or -36. 


But the conditions of the problem require that x should be 
positive ; therefore we take a; =45 and disregard x= -36. 

Also if a; = 45, a;-9=45 - 9 = 36. 


the faster train averages 45 miles an hour, 
and the slower train average^ 36 miles an hour. 

» 

Check: The faster train takes hours = | hours = 2 hr. 40 min. ; 
The slower train takes hoursf= hours = 3 hr. 20 inin. ; 

3 hr. 20 min. - 2 hr. 40 min. =40 min. 


Note. Every value of x which satisfies the data of the problem 

^ 120 2 120 — * 
must setisfjr the equation, 


The ccxiverse is not 
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necessarily true ; it does not follow that every value of a; which 
satisfies the equation must satisfy all the data of the problem. 
Here, there is another condition to be satisfied, namefy x must be 
positive. 

EXERCISE XIII. h 

1. The 43ill at a shop for a luncheon party is 24 shillings. If 

one of the part^ has no money, the others will have to pay an 
extra 4d. each. Hqw many were in the party ? » , • 

2. If the average speed of a trjin could be increased by lOmiles 
an horfr, a journey of 180 miles would take 54 minutes less time. 
Wliat is the average speed ? « 

3. The price of eggs having risen by Jd. each, it costs? 2d. more 
to buy 20 eggs than it cost to iDuy 24 eggs before. What was the 
former price of an egg ? 

4. A train i unnirig l)etween two towns arrives at its destination 
10 minutes late when it averages 48 miles an hour and 16 minutes 
late when it averages 45 miles an hour. What is the distance 
between the towns ? 


5. From London to Crewe is 160 miles. An express train 
averages 10 miles an hour more than another train and does the 
journey in 32 minutes less time. What is the average s^eed of 
the express ? 

6. A housekeeper sent 7s. 7d. for the j^urchase of a certain 
number of pounds of sugar ; tlio y)rice of sugar htyi, however, 
fallen Id. per lb. so that she received 2 lb. more tlian sl\p expected 
and also 3d. in change*. Find the price of sugar lb. at firsuf 

7. When the price of coal rises 8s. a ton, I obtain 5 cwt. less 
for £2. What was the old price ? 

8. A wheel, cetilro C, rests against a veitical stop OP and 

touches the ground at A ; OA is level and • 

exceeds OP by 8 iiiclies. 11 the radius of 
the wheel is 20 inches, lind tlu* height of the 
step. 

9. An aeroyilaia^ tak(;s 25 miiiutos longer 
to fly 100 miles against a steady wind than 
with it. The aeroplane travels 100 miles 
an hour in still air. What is t^o velocity 
of the wind ? 

10. A man can swim 50 yards per minute 
in RtiU. water. He uilvgs 32 minutes longer to swim JOG yards 
against a current than witn it. What is the speed of the curreiJt ? 

11, A, B, C are 3 poinj^ on a circle; the tangent at A cuts BC 

1 1 . -r 1 , / CT AT AC. If 

produced at T; then it can be proved tbat —^— — 

§ AT BT Arj 

BC — 9 in., AT -6 in., AC -4 in., find the lengths of CT arid AB, 



Fifi. 189. 
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12. If an object is at a distance of u feet from a spherical mirror 
of focal length / feet, the distance of the image from the^ mirror 

is V feet where ^ + If the focal length is 4 feet, find, to 


the nearest inch, the distance of the object from the mirror, if it is 
1 yard nearer the mirror than the image is. 

13^. In a thousand-mile motor race, A’s avel'age speed is 
10 miles an hour more than B’s ; and A beats B by 200 miles. 
What is A’s average speed ? 

14. A swimming bath is filled by 2 pipes in 12 hours. The 
smaller pipe by itself takes 7 hcurs longer than the larger t)ipe by 
itself Xo fill the bath. How long does the larger j)ipe take to fill 
the bath ? 


15, When the price of petrol is reduced by x per cent., a man 
uses X per cent, more petrol. His i)etrol bill is reduced from £50 
to £48. WT \t is a; ? 


16. Two turnstiles A and B admit to a football ground. It 
takes the average spectator ^ sec. longer to ])ass through A than 
through B ; B admits on an average 10 more spectators per minute 
than A. How many spectators can enter the ground in a quarter 
of an hour ? 


17. A hoop of radius b feet is bowled along with velocity v feet 
per sec. and comes to a step of height h feet. I’he hoop 'will climb 

the step if is greater than ^be velocity of the 

hoop is 8 f,^et per sec. and if its radius is 18 inches, find to the 
nearest in jh the height of the tallest step it can climb. 


18. telegraph wire, of length I foot, connects the to})s A, B 
of two poles, X foot apart, see Fig. 1 90. If the sag EF at the middle 

is k feet, then A; = v{ • Find, ^ g 

to the nearest inch, the length of wire 
required to join two poles 30 yards apart, 
allowing for a maximum sag of 2 feet. 

19. A solid rectangular block with 
^uare ends is h feet long ; its total 

' surface area is S sq. ft. and its volume is V cu. ft. Prove that 
(/iS-2V)2 = 16A*V. Also find V if A = 2, 8 = 10. Find also the 
breadth of the block. « 



20. A, B, C are 3 points on a circle ; the tangent at A cuts BC 

AB® BT 

produced at T ; then it can be proved that ^q 2 = qj'- R AB 
ei^ceeds AC by 1 inch and if AC =CT and AB =BC, find the length 


[Far a revision exercise on Ch, XI~XII1, see Appendix, Ex. B. 7, 

P.26&.J . ' 
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* TEST PAPERS B 11-20 

• B. 11 , • 

1 , (i) Find the value of 36x when a; = - 1 J. • * 

(ii) For wli^t value of x has 9x^ - 36a; the same value as it 
has when a; = - 3 ? 

2. Sc:ivo*(i)Q-l-iP, JP-iQ; 

(ii) (?- x){2x + 3) =0. 


3. Simplify (i) 


.r2 + 3a: - 4 


a: - 1 


i+r,- 


1 


y y y - 

4. If X = 2, y = - S'satisfy toth the equations, 

ax i-by + 1—0; (6 - l)a; -f 5y -f 3a =0, • 

find the values of a, 6* 

5. A bus from P to Q at 3 5 m.p.h. takes 24 miskutes less than 
the tram whose speed is 10 m.p.h. How far is P from Q ? 

• B. 12 

1. (i) Multiply a:^ -1-a:// by a: -y.* 

(ii) Simplify 

2. Solve (i) (j;-l)(x-3)-(.c-5)(a: i-2)=6; 

(ii) r- —or, 

X + l 
' —m4:X 


3. Simplify (i) 


,..v a 5 

ab-b‘^ a“- 


ab * 


4. Find a pair of numbers, x and y, satisfying 2a: - ify =4 and 
such that one of them is six tim(*s the other. 

5. Th? lengths of the sides of a triangle are x + ly, y + \x, 
5a:-4y +3 inches. If the triangle is equilateraf, prove that the 

triangle, whoso sides are of lengths .ry, inches, is also 

equilateral. ^ 

B. 13 

1. The stretched length, 1 cm., of a spring supporting a weigh:, 

w gm., is given by the formula, I -f 1^. AVhat is the natural 

length of the spring ? \Miat*load will stretch it to twice its 
natural length ? What increase of load causes ail increase in 
length of 2 cm. ? 

2. Solvg (i) ?--;’=2Ar-=6. 

(ii) + 2t —^0. 
a;2 - 3.r 


*3. Simplffy (i) 


10 .. _ 
xy + 2y ’ a 


1 


56 


S6 - ab - 66* * 


D.S.A 
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4 F. If ^=nix-hc where m, c are constants, and if - 3 when 
a; =2, and ^ = 5 when rr = 4, find j/ when a; = 5. . , 

5. P'ind fwo consecutive odd nufnbers such that the sum of 
their squares is 290. 


B. 14 

1. ' (i) Multiply 2x^ - a: - 3 by a: + 1. * 

(ii) Pick out the coefficients of and x^ 

, * (3x^-x^-2x + 4)(2x~-l): 

2. ’Solve (i) 2/ = 3*4 - 0-6a:, a;^3*25 - O-Ty. 

‘ (ii) 2p*-p = 3. ^ « 

3. Simplify ( 1 ) ; (n) 


4. For a Qcrta in journey, the charge for W lb. of luggage is 

P ponce where P — -12^ proper fractions of a penny being 

reckoned as Id. Fihd (i) how mutli luggage can bo taken free, 
how much for Is. ; (ii) at what rate excess luggage is charged. 

5. The adjacent sides of a rectangle are 2(.r-l) inches and 
(a; + 3) inches ; those of another roctiinglo of the same area are 
3{x - 2) inches and (a? -i 1) inches. Find their perimeters. 


B. 15 

1. DraY^ rough figures to illustrate the expanded values of 

" ^ (i)(a+2)(a+3); (ii) (5 + i; + 3)2. 

OOI p -hi 2 p -2 3 

2. Solve ( 1 ) — =g. 

(ii) /*+2t=36. ' 

3. Simplify (i) ; (ii) ^ 


-a^-b - ah 


- 2x 




x^ H 4 . 7 ; + 3 ■ 


4. If x'^ +rx - \2=(x ~{-a){x + b) where a, b, c are integers, find 
aU the j)ossible values of c. 

« 5. A is 3 times as old as B. In 3 years’ time, B will be 3 times 

as old as C ; in 1 5 yqars’ time, A will be 3 times as old as C. What 
are their present ages ? < 


1. Finct * X and y if %-h^i - 

i *^0 4 


2 . Solve (i) 


X X + 5 3x - 


and {x - 2rj)(y - 3a?) = 0 • 

■5’ 


t ^ (ii) 2y^-h6y=^l2, 
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3. Simplify (i) 





x^y . . 

- * 


4. Draw oil the same diagram the iphs of 3r=-s-+4 and 

X ^ ^ 

y = 6 - j , and solve graphically these simultaneous equation!. 
Compare by solying algebraically. 


6. If F° Fahrenlieit is the same temperaturd as C°* Centi- 
grade, F=a . C + 6 where a, h are constants. Use the facts that 
32° Fahrenheit = 0° CJpntigrade and 212° Fahrenheit = 100%Centi- 
grade, to find a, 6. • 

( 2 ^\° • 

I Fahrenheit is the same temperature aA 

( 1 Centigrade. ^ 


B. 17 

1. (i) Multiply 2 - 3a: -X* by 1 +2ar. 

(ii) Pick out the coclYicionts of x ajid in 
(4 - X ~x^ - 2.T®)(5.r - 2). 

2. Solve (i) a- 5-1(6 + 3), 6 - 12 - J(4a - 2) ; 

(ii) n + - — 6. 

3. Simplify (i) [x \ -2x -x^); 

.. a +h a-b 4ab 
g> - b^ a + b^ b'^ 

(§ 

4. Draw the graph of y — (3 -a;)(x + 2) from x - 3 to x =4. 
Solve graphically (i) (3 -x)(x +2) —5 ; (ii) (3 -x)(x + 2) =-'2 » 

(iii) (3-x)(x + 2)+3-0! 

What is the greatest value of (3 - x)(x + 2) ? 

5. Find three consecutiv^e numbers such that the square'^of 

theix' sum exceeds the sum of their squares by 382. • 


B. 18 

V 

1. ^^JHiich of the following are perfect squares, and v^hat ar*- 

their square roots ? ’• • 

** tj) X® - 4x + 4 ; (ii) x® + 8x + 64 ; * 

(iii) 4x® - 6x + 9 ; (iv) Ox^ -f 36x + 38 

2. Solve fi) x{x-f l)+(x + 2)(x+3)=g(x-2)(x+4) ^ 

(ii) 6t*Trf=2. * , 
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[B. 18-20] 


o o- vf /-v 2(a; -u) -f 3(x-f-y) .... x-i-1 

3. Simplify (I) ; (u) 


1 x+2 


4. (i)^ w'hat is 6 if a; - 5 is a factor of a;® + 6a; - 30 ? 

(ii) ’WTiat are b, c if .r + 4 and x -1 are both factors of 
3x2 + 6a; 4- c ? 

5. For a run of 60 miles, a train can save 10 minutes if its 
ordinary speed is increased by 4 miles an hour. What is the 
ordinary speed ? 

B. 19 

cx -dx 


r2* 


1 . ^i) Simplify 

(ii) For what value of x is (3x - 7)® =(3x + 8)® ? 

O C 1 /-x 2: - 1 22 +3 « 

2 . Solve (}) 2+2'^ z- \ 

(ii) x^ +2x = 7, correct to 1 place of decimals. 


3. Simplify (i) 


x* 3x - 4 x* - 4r 


x^ - 3x 

1 


(ii) - -- -- 


1 -X (x - 1)2 


X + 3 

- 1 . 


4. Draw the graph of y—x^ -5x from x — -1 to x=:6. Solve 
graphically the equations, (i) - 5x =3 ; (ii) x* - 5x = - 3 ; 

(iii) x2 - 5x + 5 - 0 ; (iv) 2x2 _ jq ^ j ] __ o 

Wliat can you say about c if x^ - 5x + c = 0 has no roots ? 

« 5. When sugar falls in price Id. per lb., I can buy for 8 shillings 
six more pounds than I formerly bought for 7s. 6d. What was 
the old price per lb. ? 


B. 20 


1. What CHTi you say about the value of x (i) if (x + 4)(i/ - 7) = 0 ; 

(ii) if (2x + l)(^2_^lJ“0; (iii) if (3x 5)^ + (?/ - 2)® =.0. 

2. Solve (i) 9x +5?/ + 3 = ^(2x -5// - 4) =^5J -?/. 

(ii) x2 -5x = 10, correct to 1 place of decimals. 


3. Simplify (i) 


x2 4 3x - 1 0 x2 4 3x 4 2 


x-* 4 2x 


16 • x2 -4x43’ 

,. 2 \ 




4. If the roots of ax^ 4 6x -5=0 are 2^ and - J, find the values 

of a, 6. ^ . 

5. If 4n minutes past ten is the same time as n* minc^Les to 

eleven, •find n. ^ 


[For additional teat papers on Ch. I-XIII, see Appe idixy Q, 6-10, 
p. 321.] - ‘ 



GHAiTER XIV 

LITERAL RELATIONS 


Transformation of Formulae 
The next Exercise revises and exteAds previous vsork.* . 


Example 1. The volume. V cTi. in., of a circular cone cf base* 
radius r in. and height h in. -•is given by the formula, 

V ~ 5 nr^h. 

Make (i) h, (ii) r the subject of the formula. 

^7ir^h=\/ ; 7ir^h = S\/; 

3y 

(i) Divide each side by /. h — 


(ii) Divide each side by Tih^ 

Take the square root of each side, 
■■■ 


3V, 

‘ 7ih* 


We do not write r — ± 
)f the base of fclio cone. 


ves 


because r is the radifts in inc^s 


Examine 2. TWe following equation is used for an experiment 
h optics, 


1 1 1 

T 1 • 

/ U ZU 

^ • 

Make (i) n, (ii) z the subject of the formula. 

(i) Multiply each side by / . 

f 


fu_fu fu ^ 
J U ZU 


fi 


This may also be written, u 




(ii^Mul^iply each side by f .u ,z, uz -fz +/ ; 

uz iz^f; z{u-f)=f; 
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EXERCISE XIV. a 

1. If a t^ain, weight W tons, travels round a curve of radius 
r feet, at n feet per second, the horizontal force exerted by the rails 

Wv* 

on the train. is P tons, where P=k.^— . Make (i) r, (ii) v the 
subject. 

2. In Fig. 191, AE bisects Z.CAB; if z.DAB=a:°, LDAE=y®, 

' 


CAD 
FIQ. 191. 

find a formula for (i) 2 / in terms of a;, (ii) a; in terms of y. 

~ PRT 

3. Interpret the simple interest formula, A — P +-jqq • 

Make (i) P, (ii) T the subject of the formula. 

Find T if A = 604, P = 420, R = 5. 

4. fi a car increases its speed from u ft. per sec. to v ft. per see 
in t seconds, at a steady rate of increase, a ft. per sec. every second, 
then v=u +at. Make a the subject. 

^5. If, with the data of No. 4, the car travels s feet in this time, 
i swonds, we have the following formulae : 

(i) 8=:—-'^^ . t ; (ii) S-Ut I- ; 

(iii) ^—u^+2as; (iv) s ^vt - lat^. 

Use the appropriate formula to obtain the following expressions : 
(a) V in terms of s, u, t ; (b) o in terms of s, u, a ; 

(c) u in terms of s, v, a ; (d) a in terms of s, u, t ; 

' (e) V in terms of s, a, t ; {/) a in terms of s, w, r ; 

(gr) t in terms of .9, it, v ; {h) t in terms of w, v, a. 

6. A man starts with a salary^ of £P a year for his first year 
and receive^ each year an increase of £IVI a year. Find a formula 
for the money, f S, he receives for his 7ith year of serVice. Then 
make (iy M, (ii) n the subject. 

*7, If a force of P lb. is ap})lied for t seconds to a bociy weighing 
W lb., the velocity of ^e body is increased from w it. per sec 

to V ft. per sec,, where Pt= — {v-u). Express v^in terms ot 

*** W, r, u, g, [g is apprdximately 32. 1 
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8 . The refractive index fi of glass is given by the formula, 

d ^ , see Ex. VIII. 6, 'Mo. 8. Make /i the subject. • 

9. Kg. 192 repre*ei)ta three arcs, centres A, B, C ; BC=a, 
CA=b, AB=c; , the units are inches. Express 'r in terms 
of Of bf c. n 

10. From a masthead, h feet above the 
surface of the s^a, it is possible to see R miles, 

where R = . Make ^ the subject. What 
is/t, irR = 12? ^ • 

11. Hooke's Law, see Ch. X, p. 169, is often 

expressed in the form, w =-{b - a ) ; make (i) 6, 

(ii) a the subject. ® 

12. The time, t seconds, of a complete oscillation of a simple 
pendulum of length I feet ii^ given by thefprmula, f = 

Make (i) 'ii) ^ the subject. 

The constant ff iias the same meanftig as in N’o. 7. Find its 
value to two significant figures from the fact that a pendulum 
3i feet long makes a complete oscillation in 2 seconds^ take 
= 3*14. This is called a seconds-pendulurn,” because the beat 
is I second. 

13. A path, X feet wide, surroimds a lawn, I yards l^ng, 6 yards 

broad ; the total area of the pa^li is A sq. feet. Express^A in terras 
of Xf I, b. Then make b tlie subject, ^ 

14. Use the fact that the area of a circle, radius r in., is Tir* sq. in. 

to interp'iet the fof-mula, A =jr{(r + -r*}. 

Make (i) r, (ii) t the subject. • 

15. If an object is u feet from a s]:)herical mirror of focal length 
f feet, the distance of the image from the mii*ror is v feet, where 

' + - = I . Make (i) /, (ii) u the subject. 

u V j 

Find w if / = 4, V = 12. • 

16. Interpret the formula, V : make r the subject. 

17. If \/^u. in. of water are poured into a spherjual bowl of 

radius r in., the depth of the water at the centre is h in., where 

yi=^nh\T-lh). , ^ 

(i^JJxp^ess V in terms of r if A =2r ; compare No. 16. • 

(ii) Express V in terms of r if A = Jr, and in this case make r the 
subject. 

* o iwz 

18. MaKe w tlie subject of the formula, E = •• * 
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19. The area of the total surface of a closed circular cylinder, 
height /i in., base-radius r in., is S sq. in. ; use Fig, 193, which 
represents the net area of the surfade, to express S in terms of 
Tif r, h. Then make h the subject. 

Express r in terms of ti, S ii h=^. 



Fig. 193. Fig. 194. 


20. In Fig. 194, a chord AB of length I inches cuts off from a 
circle of radius r inches a segment of height h inches. Prove that 

Make (i) r, (ii) I the subject. Also find r when h — 5, l = \2. 


21. If 

X y y 

o* 6, y. 


express (i) a in terms of 6, Xy y, (ii) x in terms of 


[A'o^e. For additional examples^ see AppendiXy Ex, S. 1 5, p. 308. ] 


o 

Problems involving Letters 

Example 3. The length of a field is 7i times its breadtii ; the 
perimeter is p yards ; find the breadth. ^ 

Lot the breadth bo x yards. 

Then the length js nx yards ; 
yards. 

.*. 2na; -|- 2x =p : 

^ Divide each side by 2{v 4-1), 

the breadth yards. 

If yo’i do not see how to solve a problem containing letters, 
invent a similar problem with numbers $ Gdid work that out first. 
Then apply the same method to the given problem. 

Thus,* in the above case, first solve the iollowing : 

The length of a field is 5 times its breadth ; the perimeter is 
400 yards ^ find the breadth. 


/. the perimeter is (2^tj?4-2j:) 
/. 2x(n^-\)^-p; 




233 


aav.] LITEBi^L RELATIONS' 

EXERCISE XIV. b 

1. (i) I share 4 shillings between 2 boys so that one^gets fJ times 

as much as the other. How much does each get ? ^ 

(ii) I share p shillings between 2 boys so that one gets 
n tinges as much as the other. How much does each 

2. (i) The sum of two consecutive integers is 91. Whtft are 

they ? • , 

(ii) The sum of two consecutive integers is 2N*+ 16.» What 
. are they ? # 

3. A has £p, B bus £q ; how much must A give B so that they 
•have equal amounts ? 

4. A man, N years .old, has a son, n years old. In how many 
years’ time will the man bo (i) just twice as old as his son, (ii) just 
t times as old us his son ? 

5. A hall is k times as long as it is wide ; and its floor area is 
5 s(j. feet. What is its IcngtJ^i ? 

6. One tap supplies ])er minute k times as much water as 
another tap ; together, they supply 7i gallons in t minutes. How 
many gallons per minute does the first tap supply ? 

7. A man rows upstream at u miles an hour and bac]| to the 
same place at v miles an hour, and takes half an hour ai together. 
How far upstream did he go ? 

8. Sliare c shillings between 2 boys so that one gets six pence 

more than twice what the other gets. < 

9. N +(r per cent, of N) equals k. Find N in terms of r, k, 

10. Two rods, of lengths a m. and (a +6) in., are cut down by 

equal ap,>ounts. 4f tJie first is then just half the length of the 
second, how long is each ? • 

11. A river flows at .ii miles jw hour. What is the speed 
through the water of a steamer that can go Jownstroam n times 
as fast as upstream ? 

12. If a man sells a bicycle for £P his profit is n times as mj^ch 

as his loss would be if he let h/ go for £Q. What did the bicycle 
cost him ? * 

13. For what value of p will reduce to ? 

14. If I*rim to the station at miles j^er hour I shall have 

. » 3u . • . • 

p minutes to S 2 )are ; lAit-|f I w^alk at ^ miles i)er hourtl shall miss 

the^rain Sy np miAitos. How fai off is the station ? 

15. A certain sum of money will pay a man’s wages for b days 

and will pfty a boy’s wages for c days. For how long will it 
Fuflice to pay for both a man and a bo,^ ? • * 
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16. If A gives half his money to B, thou B will* have n times as 

much as If B gives c shillings to A, then A will havd twice as 
much B. -• How much has each ? ‘ 

17. A square lawn has a paved path, d yards wide, all round it. 
If the area of the path is 5 sq. yards, find the length of the lawn. 

18. For a railway journey, n lb. of luggage is allo.ved free and 
the charge for the rest is a penny per w lb. How much luggage do 
I take, if I pay at the rate of a penny per W lb. on the whole of it ? 


Quadratic Equations 


Ezan^ple 4. Solve for a:, -\-bx +c=0. ^ 

ax^ -\-hx— - c. 

b *0 

Divide each side by o, +-x- 

a a 

As on p. 205, add to each side 


) 4fr2 a ' 
/ ~ 40^ 


. h (h 
a \2a 


\x + -, 



Take the square root of each side. This is possible, if 6* - 4atf 
b a positive number, or zero ; it is impossibley if 6* - 4ac is a 
negative number, 

• . . . . V(b^ ~ 4ac) . 

•• ^ ’ 

either a; = or a:= - 

2a 2a 2a 2a 

This is written more shortly as a; = - - ^ 2a ' 

f 

And we ought to say as well, “ provided that 6“ - 4ac is not 
negative.” 

Solution by f cruiula 

Example 4 gives a /c; mula for .solving any quadratic equation, 
which has roots. A simple example of a quadratic, which hae 
no roots, was given on p. 207. 

The rootsrof the quadratic equation, i* 
ax2+bx + c=0 

axe ■ X -b±V(b«-4ae) 

axe X- ^ „ 

provided that 6* - 4ac is noi negative. 
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Example 5. SgJve 5a;2 = 9a; + 6, expressing each root correct 
to two places of decimals. 

6a;* - 9a; - 6 = 0. ' 

The equation, gkc* + / x + c = 0, is equivalent to - 94; - 6 = 0, if 

0 = 6, 6 = - 9, c=*-6. • 

• th^r^ots are -») ± V{( ; ' 

. Z(6) 

• _9±v'(81 + 12«) 9±v'2(U. 

10 ■“ 10 ’* * , 

A1soV201=2:1418j • 

. „ 9±i418 

** 10 ’ 

. *_ 23a8 518 

.. a;- 10 or ^ 

= 2-318 or -0-518; 

/. a; = 2-32 or -0-52, to 2 decimal places. 

Do not use the formula, if you can solve the equation by the 
direct factor method. 

Do not use the formula, if you can solve the equation rapidly by 
completing the sqxiare. 

If you use the formula, substitute first, and simplify afterwards 
Do not try to do both at once. ^ 

If you intend to use the formula, you must learn it by heart. ^ 

EXERCISE XIV. c 

Solve, ‘w’/icn possible, the following equations, by whatever 
method is best. If there are no roots, say so. • 

If the roots are irratioilal. give their values correct to one place 
•f decimals. . * 


1. 

ar* - 

3j:- 1 -0. 

2. 

x* — 3a; + 1=0. 

3. 

X* -f 

5x -3=0. 

4. 

a;* 4 

-7x’=6. 

5. 

x2-7a; = 18. 

6. 

X* - 

= 8x + 7 , 

7, 

2a:* 

+ 3a; = 3. 

8. 

2j;® - 5a; = 4. 

9. 

2x* 

= 3x + 2. 

40. 

3a:* 

- 4x + 2 = 0. 

ii: 

3x2 + 5 = 8a;. 

*12. 

'6x* 

= 2x + 1. 

13. 

6a:» 

-7a; -4=0. 

14. 

2x2 + 7=7x. 

15. 

8x* 

-3x = U. 

16. 

'7a:* 

+ x - 1 =0. 


lOx -6x* = 3. 

18. 

6x* 

+Jl.r = 10. 

19. 

t 1 

2“6' 

?0. 


21. 

3x* 

4 

1 * 

32 

2.r 

3 

^ =14, 

2x 

23 

3*+^ = l- • 

24. 

lOx 
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25. a:“+2-6a: = l-8. 26. 2a:* - 1 -7 = 1 ^x. 27, (x- 6)* =36. 

28. (x+l)*=20. 29. (x-3)*=2x*- 18. 30.' x* +(x - 1)*=0. 

31. Solve (i) by completing the square, (ii) by the formula 

'(o) x*+2i;x=l*; (6) px*+ 25 x+r = 0. 

32. What is the sum of the roots 

-4ac) -b- ^(6* -4^) ., 


-6+V(b* 
^ 


2a 

33. (i) are the roots of (a; - 2)^ =7 ? 

(ii) Combine into a single statement a; - 3 equals or 
o -V5. 

(iii) Combine into a single sta'^ement a; =6 -f \/2 or 5 - \/2. 

34. Construct an equation whose roots are 

(i) 1 + V3, 1 - V3 ; (ii) -2 + ^5, -2 - ; 

v/3 5 - V3 , -3 + ^ 2 -3 - v/2 


(iii) 


(iv) 


2 


35. What can you say about the value of c if - 10jr+c=0 
has roots ? 

36. What can you say about the value of b if x^ f 2bx + 9-0 
has roots ? 

37. vVhat can you say about the value of k if x^ + 5a; + ^ -:^ 0 has 
no roots ? 

38. Wliat can you say about the value of p if a: 4 * — 2p has 
no roots ? 

39. Witliout making a table of values, draw rough figures of 
the grapns of 

(i) p = (a; - 1)2 - 4 —x- - 2a; - 3 ; (ii) y - (a: - 1)® — a;* - 2a; + 1 ; 
(iii) 2/ --(‘C - 1)“ 4 4 —X- - 2^’ + 5. 

Which of the following equation3 have roots ? 

(a) X“ - 2x - 3 ~Q ; {b) a;^ - 2a; + 1 — 0 : (c) a;- - 2x +5—0. 

40. Without making a table of values, draw rough figures of 
the graphs of : 

(i) -(:r-l)2=3+2a;-a;2 ; 

(ii) y ~ - (a; - 1)2 - ] + 2a: - a;® ; 

(iii) y ^ -4: -{x -l)^= - 5 + 2,r - a:®. 

Which of the following equations liave A>ots ? ^ 

(a) 3+2a; -x2:=:0; (6) - 1 +2a: -a;^ ^0 • (c' 5 i 2a; -x^=0. 

fVote. For additional drill-examples, sex PJxercise E.P. 254.) 



CHAPTER XV 


FURTHER SIMULTANEOUS EQUATIONS 

% 

Simultaneous Equations with three Unknowns ‘ 

Three equations containing 3 unknoj^ns can be jeiduced to two 
equations containing 2 unknowns, by eliminating one unftnpwn. 


Example 1. Solveethe simultaneous equations, * 

2x-\- y + 2=2 ^ (i) 

2y + 32 = 3 (ii) 

6a; + 3y-2z = l (iii) 

Multiply (i) by 3, 6a; + 3?/ + 32 = 6 ^ (iv) 

From (ii), 3x + 2?/ + 32 = 3. 

From (iv) and (ii), by subtraction, ^x +y^Z (v) 

Multiply (i) by 2, 4a: + 2y +22 =4 (vi) 

From (iii), Ccr + 3i/ -2z = l, 

From (vi) and (iii), by addition, 10a; +6i/=6 ; ^ 

Divide each side by 5, 2a;+y = l. (vii) 

[We can now find x and y from (v), (vii).] 

From (v) and (vii), by subtraction, a: =2. # 

Put a: =2 in (vii), .*. 4+y = l; y=z 
Put X =2, 2 / = - 3 in (i), 4-3 +2=2 ; ^ 

2 = 2 - 1 = 1 . 

^ • .’. x = 2, y= -3, z = l. 

j 

Check by substituting in (ii) and (iii). 


Before starting to solve the equations, look them carefully and 
see which is the easiest unknown to eliminate. 

Eliminate whichever unknown is easiest. 

EXERCISE XV. a . 

Solve th^ following simultaneous equations : * 

1. X +y +2=6, 2. 2x-y~z= -5. 3. 3a+6-?/; = 12, 

*2x -\- Sy + z = l3, * a: - 2?/ + 2 = 8, 6a - 6 3c = 9, 

Hr)22/ =5. 3a; +y - 22 = - 15. 4a+6-6c = >7. 

4. 3a: +Sy +2 = -4, «6. p 4-q = 10, %.u-v=2.* 

2a?-2/ + 22 = ll. q+r=s3, v-tc=- 10 , 

^4*2 =2. r+j)=-l ^ 2w + 3v + ti:= - 10. 

237 • V 
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7. 2a + 36 -c = 19, S. 2x -y = 1, 9., »+2g-r = 3, 

3c + 4c =3, 32 /-z=- 6, 3p 4-2r =0. 

5a-^b+c=20, 43-a;=6.‘ 2j? + 3g + r = 7. 

10. 3a;*+.2/ +2 =a; -y - z = y -Zz + 1 =2(3; +3^) -2. 


11. }(aj-2/)4-2=2, i(a;+2)+3/=6, -2) - J(2/ -f :) =1. 

12;i+i4 = 10,?-Ui=2.2+?-?=7. 

X y z ^ X y z x y z 

[Note. For additional drill-examples^ see Exercise E.P, 21 ^ 
Nos. V6, p. 266.] * , 

1 Graphical Solutions 


Any quadratic equation, which has roots, can be solved by 
reading off the intersections of a suitable straight line with the 
graph of y =x^. 


Example 2. Solve graphically Sx* - 9x - 6 = 0. 

5x^=9x-\-6; = J(93: + 6). 

/. t^e roots of this equation are the values of x which satisfy 
fihe simultaneoics equations, t/ = 372 , t/ = J (Oo; -i- 6). 



The graphs of y = 3 ;* anh y =K9a: + 6) are shown in Fig. 195o 
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Oral VI ork on Fig. 195. 

(i) Reaii off the roots of 5^;* - 9a; - 6 = 0, as accurately as 
Fig. 1 95 permits. Compare the answer with Example 6, p. 235. 

(ii) Road off the solution of the simultaneous equations, 

y—x^y 62 / = 9a; + 6 . 

(hi) rig.,lS5 shows the graph of y = f(6 - a;). What quadratic 
equation can be solved by using it ? What are the roots ? 

(iv) Solve the simultaneous equations, y—x^, 2K%Zy ^\2, 

(v) How can you use the grapt oiy=x^ in Fig. 195 to solve the 
equation r®=a' + 2?j 

• By drawing a line in penfil or by laying your ruler across the 
figure, find the roots oi —x + 2, 

(vi) Repeat (v) for the following : 

(a) x^-\-x = ^; (b) 2x^ +X—4 ; (c) 3a;2=?a; + 12. 

(vii) By drawing a lino in pencil or by laying your ruler across 
the paper, show that x^ -2:cV2 ~0 has no foots. 

In Exam])lo 2, we have used graphical methods to solve 
equations winch can be solved easily by calculation. There are, 
however, many types of equations which cannot be solved by 
any formal method ; and if it is necessary to find numerical 
approximations for the roots, some system of organised guessing 
must be employed. By drawing suitable graphs, it is often 
possible to obtain »*apidly some idea of tlie number and> value of 
the roots of equations of this kind. 

It is suggested that rhe following example should be taken orally. 

* 

Example 3. Discuss graphically the solution of the equation 
.r3 + 2wr-5 = 0. 

First Method. Draw the craph of y — a;® -h 2a; - 5 and find from 
it what value, or values, of a make y zero. ^ 

(i) What range of values of x is needed for the table ? D 
it necessary to consider Degati\»« values of a; ? Is it 
necessary to considoi values of x as large as 10 ? or 
as large as 5 ? or as large as 2 ? 

(li) Make a tablo^of j/alues. Put in one row the ’«^lues of a;*, 
wm\i ■ » in the next row the values of 2a; ; use these rowiS to 
obtain the values of a;® + 2a? - 6. 

(iii) Dr 3 .w the part of the graph which is needed and complete 
the solution, ’ , ^ 
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Second Method. The equation may be written, = 6 -2x. 

(i) If you draw the graph of what other graph must 

be drawn to solve the given equation ? 

(ii) Draw rough figures to show these graphs and then state 

(a) the number of roots of a.® = 6 - 2» ; 

(b) between what pair of consecutive integers the root, 

or roots, lie. 

(ii') Dr*iv carefully the useful part of the graph y ~x^ on as 
large a scale as possible and then complete the solution. 


EXERCISE XV. b 

1. Draw the graph of y=x^ for values oi x from - 3 to 4 3, and 
use it for the following : 

(i) What quadratic can be solved by drawing the graph of 
y — 1 -X on the same diagram ? Wliat are the roots ? 

Solve the simultaiieous equations, y x + y - 1. 

(ii) Solve graphically x^ +x - 2 —0. 

(iii) Solve gra})hically - 2a; - 6 —0. 

(iv) ^.What quadratic can be solved by drawing the graph of 

+ 7) on the same diagram ? What are the roots ? 

Solve the simultaneous equations, y 4a; - 5?/ 4-28 —0. 

(v) Show^^ graphically that a;® 4 - a; 4 - 1 —0 has no roots, 

V 2. Dra'^' the graph of y for values of x from ~ 3 to 4 3, and 
use it fcH* the following ; 

(i) What equation in x can be solved by drawing the graph of 
y =3a; 4- 3 on the same diagram ? What are tJje roots \ 

(ii) Solve graphically o;^ — 15 - 5.r. 

(iii) What equation in x can be sol^^oi Ijy drawing the graph of 
y =5a; on the same’tjiagram ? What are the roots ? 

(iv) Solve gra|jhically 2x® - lx -4=0. 

' (v) Solve graj)hically 3a;^ 4- lOx + 30 =0. 

3. With compasses, draw on squared paper a circle, centre the 
origin, radius 2 inches. Take 1 inch as the unit on each axis. 

Show that the coordinates, x aaid y, of each point on this circle 
satisfy the equation, = 4. t 

By drawing suitable straight-line grajhs, solve the following 
simultane.ous equations : ^ 

(a) 4-y* =4, y --3(1 -x) ; (h) x^ -fy^ =4, 2y =x 4- V; « 

(c) x^+y^=4:, 2x-5y=6; {d) a;* 4-y^ -4, 3a; -hy = 5. 

Show graphically that thvs simultaneous equations, a;® 4- y* = 4, 
a; 4-y — 3, ^ave no roots. ^ 
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4, Solve graphically the simultaneous equations : 

(i) — 25, 4a; + 32 / = 12 ; (ii) a;® + 2 /® —25, 4a; + 83 / =26 ; 

(iii) a;® + 2 /® =25, 3a; -42/ = 18; (iv) a;® -f 2 /® = 25, 3a; - ii/ + 25 =J0. 

5. By drawing tho graphs of and 2 / = 6{a;®*-2) from 

a;=- 2 toa;=+^ solve, as far as the figure allows, ‘these simul* 
taneous .equations. 

What culfic equation can be solved from these graphs ? . 

Draw on anotlier diagram the portion of the graphs from a; = 6*6 
to a; = 6 and then coinjilete the solution^ ^ 

[For* addition tal graphical exaifiples, see Appendix, Ex. /S. 10, 
p. 298.] ‘ 4 

Simultaneous liinear and Quadratic Equations 

Use the linear egnation to eliminate one of the unlaiowns from 
fhe quadratic equation. 

Example 4. Find x, y from the simultaneous equations. 


2a- - 3// = 1 ‘ (i) 

2a;2 -2a-2/ -;h/“= 1 (ii) 

PVom ( 1 ), 2a’- I ^ 3/y ; x = (iii) 


Using (iii), substitute for x in (ii). 


l+6!/ + V-2^(l+3(y)-6if2=2; 

1 + 62/ + 9 )/* - 2 ?/ - 6 ^* • 6 ^® —2 ; 

-3y/* + 42/-l=0; 3y= -4(/ + ] =0; 

( 3 / - l)(3i/ - 1)=0 ; 1 / - 1 =0 or 3y - 1 =0; 

i/ = 1 or J. 


Substitute in (iii). If y = 1, x =-^— =2. 

■ u 1 + 1 

C.J— ► If 2/=J, x=^— = 1. 


the solution is x = 2, y = 1 , 


or x = l, y = 


1 

S’ 


B.8.A. 


Q 
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Before starting to solve the equations, look at them carefully and 
see which is the easier unknownti to eliminate. 

Eliminate whichever unknown is easier. 

W/ie7i you liaise found one unknoumy the other should be found by 
substituting in the given linear equation, or its equivalent. 

EXERCISE XV. c 


Solv/^ the.Tv/Jowing simultaneous oqiiationSi In each case, write 
down beforehand whether it is easier to eliminate x or y or whether 
it makes no difference. 


1. x^-y, 

4. 2x 1-2// -3, 
- xy = 

7. 3x+?/=4, 
xy=\. 

10 . 

X -+ y — 1 0. 

13. r-3//=0. 


2 . x+y=-Jly 

+ y^ = 2* . 

5. x -\-y =0 
xy -y^ = ~ 8. 

8. 3.r - 4?/ =4. 


3, X - 2// = 1, 

xy =3. 

6. X - y = \y 
xy - 2.U =4. 

9. X + 7= 6, 

+2 4 - 2 . 72 = 24 . 

12. 2,r~.3// = 12, 

- xy — 1 5. 

15. X - y = 10, 
12_^12^5 
y X 

18. X - 37 + I =0, 
3x2 -7+7 --=5. 


11. 2x-?/=5, 
xy=0, 

14. 3x - 2 / — 8, 

2x2 ^ - 2.r = 2 1 . - xy + 9 = y^ 

16. x+y = iy 17. 3X-2.7-7, 

a:*+^y +2/2-3. 

2 / *’ 


Obtain a linear equation from the pair of given equations 
(Nos. 19-21), and then solve them. 

19. x 7 = 12, 20. (x+2)(?/-2'^,144, 

(x - l)(2/^+ 2) ™ 15. xy = 160. 

21 . xy = 6, 22. Solve 2 ^ - 3^ = 6, 3r'‘* - 72 = 1 1 . 

+ !).;= 6 . 


23. Solve b + j +xy -y^ = .36. 

24. If x^ -2/2 = 16 and x i-y-—2y write down (from factors; the 

value oi X - y. Then find x and y. * 

25. If x® +2/® =29'^ and x+y=^y write down in succe.ssion, the 
values of x^ + 2x?/ -f 2/^ ; 2x2/; x^-2xy-^y^; x-~y. Then ^ find 
X and^:j/. 

26. If vr® + = 05 and x - y = *6, write down in succesi:.ion the 

vt.lues of x^ - 2xy -\-y^ ; 2xy ; x® +2x7/ +2/^ ; x +7/. y|hen find 
X and 


[Note, For additional drUl-examplea, see Exercise E,P, ,21^ 
No«. 7-26, p. 266.’| * 
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^Simultaneous Quadratic Equations 

[Note, Ex. XV, d is intended only for those who haye been able 
to work rapidly through Ex. X^. c ; otherwise, it should be omitted 
et a first reading.] 

If all terms involving the unknowns are of the second degree, 
eliminate tfie constant term. This leads to two alternative -linear 
equations ; the previous method can tfien be used^^ 

• . 

Example 5, Find x and y from the simultaneous equations : 

^ Syx^-2xy~^ » (i) 

9x'^ + ^xy 4- ^y^ = 13 (ii) 

Multiply each side of (i) by 13, and each suh' of (ii) by *4, 

65x2 _ 26x7/ ==52 (iii) 

and 36x2 +24x7/ + 16^2 ==52 • (iv) 

From (iii) and (iv), by subtraction, 29x2 -50x7/ - 16y2 =0 ; 

(x - l7/)(29x + 8?/) = C*; 

.*. either x - 2y = 0 or 29x + 8?/ = 0 (v) 

[It is easier to eliminate y than x, because y appears once only, 

and to the first degree, in (i).] 

From (v), either 2y—x or Sy=-29x; 

... X 29x 

/. either 7 / =2 or 7 /=- — ; 

(A) It j/=|, from (i) 

5a:’ -2a;(*)=4 ; 5a:’-a:*=4; 

4x2=4; x2 = l; x=±l; 

•r - • 

.. 2/=£-=±i- 

(B) Tfi/= --^-,from(i) • 

5a:’-2a:(-2|f)=4; • 5.’+2f!=4; 

' 20a:»+29x’r=16 ; A 49®’ = 16 ; 

^ .*. 7® = i4 ! • ® = ! 

* J/=-¥=-¥(±4)=TfJ- 

« - 

The solution is best gieen up in tabular form : 

, o — 
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EXERCISE XV. d 

8olve the following simultaneous equations : 

1 . +,2?/^* = 18, 2. 2x^ +>2/ = 1 . 3. 9ar2 - 3;n/ + 2/8 = 7 ^ 

^2/+2/« = 9. 6x2/+4i/2— 7. ' = 


4. 2 .r 2 + 9.r?/ + 1 8;</2 -- 0 , 

5. 

3j->-a-v+2v“-12, , 

2a:?/ + 9?/2 = 3. 


3a:*-2a:y + :V = ll. 

6 . a:* - + 4?/2 = 10 , >1 

7 

a*® - 5xy + ?/2 = - 5, 

4xy- 0x^=4. 


2x2 -9a:?/+2i/2= 7 . 

8..27?y2-a’2^26, 

9. 

3x2 .j .,^2 - 21 , 

6^/2 - a:?/ =5. 


1 8 x 2 _ tjj.y „ ^y2 _ 03^ 

10. i/2 -3a-7/ = 10, 

11 . 

. x 2 -?/ 2 - 21 . 

a:* +a:^ = IJ. 


x* - 3X7/ 4 2//2 -- 3. 

12 . a :2 + 3i/2=21. 

13. 

2 x 2 _ 3,^2^. _7^ 

2 a :2 _ ^2 _ 14 


2 a '2 - 5x^ + 3//2 = - 1 . 

14. 2.t 2 - 1 5a:?/ = 8 , 

15. 

5x2 ~ - 1 , 

20 i /2 - 2 a*i/= 21 . 


3x2 

16. x^-2xy=40. 

17. 

4x2 4-2y/2^.27, 

-xy-l2. 


2 x^+.V^ = 18. 

18. 2a:2 - xy + ?/* =44, 

19. 

x® 3.r;/ + ?/2 =. - 1, 

a -'2 +. 1 ^ + 2?/2 = 16. 


-^2=3. 

20. a:* 2a'.?/ + 4?/* = 3, 

21 . 

a- 2 -xy-t /2 = ii. 

i. a :?/-?/2 = |. 


2x2+x(/-3y“ = 12 . 


[Note. For additioiml drill ’examples, .sre ^Fxcrcise E.P. 21 „ 
Nos. 27-36, p. 2/56 For some problerns ui winch 2 inikiiowns may fee 
used, see Appevdix, Ex. S, 16, p. 310. i For a rex'ision exercise on 
nh. XIV -XV, see Appendix, Ex. B. S, /). 272.1 

TEST PAPERS B. 21-30 
B. 21 

r 

m /-v c!-‘ i r C - ac d - hd i 

1. ( 1 ) Simplify 

(ii) r ind the L.C.M. of x^ ~2x - 8^37^% 5x + 6, x^ - Sx -{■ 16« 

2. Solve ( 1 ) 

, ^ iii) 0:2+22/2=^17, 3a:* - 62 /* =7. 
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*1-23] TEST PAPERS 

3. In Fig. 1 96^ calculate L PQR. 



4. Prove that tljp equation* =c is satisficed by 

•only one value of a: if c = 5 luif a if c = 1 . What are the roots if 
c= -4 ? * 


5. At a shooting range at a fair, one pays 2d. for a miss and 
receives 5d. for a hit. A boy has 30 shots and J*as to pay lid 
How many hits did he score ? 


B. 22 


1. (i) Simplify ; (ii) Divide ic* - 7x*® + 1 by a;* - 3a? + 1, 

2. Factorise (i) px -py + qy - qx ; (ii) (x^ - 6a? + 3)® - (a?*- 9)*. 

3. (i) If a? = H is one root of 2^2 -j-a;+c=0, what is the other 

root and what is the value of c ? ^ 

(ii) Solve 2xy - Wxy - 10a? = 14. • 

4. AB is 12 inches long. C- is a point on AB such that 

AC . CB = 35 sq. inches. Find the length of AC and the area 
AC^h-CB*. » 

5. The hot water tap takes 4 minutes longer than the cold water 
tap to fill a bath. Botb taps together take 32 minutes. How 
long does the hot water tap take by itself ? , 


B. 23 

1. (i) One factor of 24x® - 50a?2y - 3a?2/* + 36y* ^ 2a? - 3y, finfi 

the others. ^ • 

(ii) i^actorise 1 ~(o -5)*. • 

2. Simplify (i) {y ■\-z)(y -z) ^-(z -\-x)(z -x) -{y ■\-x)(y -if;), 

3. (i) What is 6 if x*- 6 is a factor of x* 6x - 30 T 

(ii) Solve p +3 =7y, (y - 1)® -x =«. ^ 
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4. In Fig. 197. both arrows point East. Find x, 

5^. A'Stone i)rojected vertically upwards is a feet above the ground 
after t seconds, where s = 104«-16t“. 

How long is it in the air ? If it takes 
the same time to go up as to come down, 
what is the greatest height it reaches ? 

B. 24 

1 . (i) Find the L.C.M. of 

,, - 1 / 2 , + 2xy + 1 / 2 , - xy. 

(ii) Divide a* + 46* by - 2ab ■*, 26®. 

2. Factorise (i) a2-4(6-c)2; 

(ii) (a + 3)(a - 1) - (2a - 3)(o + 1 ). 

3. Solve (i) (3a: + 4)2 = 1 ; 

(ii) x - 2i/ = 9, ^ + 32 — 7, Iz - 3j - 6. 

4. A flat ring is bounded by two concentric circles. The radiiM 
of the inner ring is (r - d) inches and the broadtli of the ring is 
2d inches. If the area of the ring is A sq. indies, find r in terms 
of 71 f d. 

5. A woman buys equal quantities of tea at 2s. 6d. and 2s. per 
lb. If she had divided her money equally between the two kinds, 
she would .have bought altogether half a pound more. How 
much moi^ey does she spend ? 

B. 25 

1. (i) Factorise a® - 7 ah - 186®. 

(ii) Simplify (^x -^)-i-( 2 +i)- 

2. Solve (i) 2a;2 -£ = 10; (ii) a;® -2i/2 = 3.r + 4//= 1. 

• 3. If a: shilling per cwt. is the same rate of cost as / farthings 
, per lb., express x in terms of /. 

4. In Fig. 198, the arrows point re- 
spectively due East and due West. 

Find X. 

5. lOO cu. ft. of a mixed gas weigh 

8 lb. Th5 two gases which are mixed 
weigh respectively 0-077 lb. per cu. ft. 
and 0-087 lb. per cu. ft. How many 
cu. ft. of each gas go to form the 
mixture 7 . 


W 




FIO. 108 . 



33-28] 
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TiiiST PAPERS 


. B. 26 

1. {{) Find the square root of a; -(-J. 

(ii)- Simplify 

2. Factorise (i)"a* -46V ; (ii) 1 +2y - 

3. Solve -(i) 12 (.r 2 -\)^lx; 

(ii) -f 2)(x -5)^{y+ 2)(y --5),x-y=6^ 

4. Draw the p^ray^h of ?y — J(j; - 3)(a; -H 1) from a; = •- 3 tft x=5. 

Use it to solve the equations : ^ 

(i) (a‘-3)r.» 4 l)-^2 ; (ii) (r^- - 3)(a; + 1) = -a;. • 

■ What can you say about ttie value of c if (a: - 3)(a; + J) =c has 
QO roots ? 

5. 1'ho resistance, R lb. per ton, to the motion of a train 
travelling at v miles per hour is given by tiio formula, R =or 4-6?;*, 
where r/, 6 are constants. When v--20, R — 9 (), and when t>=40, 
R=20-4. Find a, 6. Find, gorrect to 2 significant figures, the 
value of R w hen v --35. 


B. 27 ‘ 

1. Factorise (i) 6x^+xy-\^y^; (ii) a(r -a)* +6(a* -x*),^ 

2. (i) Write down tiie square of \ifjh - be. 

(ii) Simplify!-!:- -yl-A. ^ 

' ' ^ \,r-y x-^y) ~y (x - y)^ f 

3. Solve (i) 0/- if — 15; * • 

(ii ) 2x^ + 5xy -- 2x - 3y - 1 2. • 

4. W lb. of guncotton will demolish a wall // ft. high, t ft. thick, 

per foot Imgth, if*W —cht'^j w'hero c is a constant. If 45 lb. of 
guncotton is needed perioot length for a wall lO ft. high, 3 ft. 
thick, how much is neededjfor a similar wall 12 ft. high, 5 ft. chick, 
80 ft. long ? • 

5. ABC is a triangle such that AB ^ 7 in., BC*— 3 in. If a line PN 
parallel to AB cuts CA, CB at P, N respectively, it is known thgit 

. Find CN. if PN =NB. 

. B;i28 

1. Factorise (i) 1 -l- 4c - 5c* ; (ii) cx ~dx +dx^ - cx*. 

2. Wiiich of the foll(»ving equations have no roots 

(i) 1 -0; (ii) -5x-l-25=0: 

(iii) X* - 5 k -f 6 - 0 ; (iv) x* - 5x + 7=0. 

3^ Solve (i' 9x*=21x+44; • 

(ii) 2x - 7/ + 32 = 4, 3x + St/ = If x + 2;/ + 22 = 9, 
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LB. 28-30] 


4. Draw the graph of y from a;=~2toa;=+2. 

Solve graphically the ecjuations, (i) ; (ii) a;® -- 3a; -t- 1 = 0. 

i.. A man has to travel 50 miles^in 4 hours. He does it by 
walking Chp first 7 miles at x m.p.Ii., bicycling the next 7 miles at 
4a; m.p.h. and motoring the remainder at (6a; -i- 3) in.p.h. Find x. 


B. 29 


Simplify (i) 


.r2 - 4.C - H 


fa-\-h a ~h\ o® 




2 . 

3. 


Make r the subject of the formula, 5 = . 


Solve (i) 15a;2 + 17a;=-42; 

(ii) rr® + ^xy =4, 2x^ + 5xy 15. 

4. In Fig. 199, calculate the value of x, 

5. When petrol costs 3s. 6d. a gallon and oil 4s. a quart, 
cyclist finds that the cost of j)etrol and oil 
AS £4. 10s. per 1 000 miles, \Vlien the price 
IS reduced to 3s. and 3s. 6d. resjiect.ively 
the cost is £3. 17s. 6d. per 1000 miles. 

How any miles does he run on a gallon 
of petrol ? 

B. 30 

1. Factorise (i) 4a:® -36/y® ; 

, (ii) 6.r® - 1 lx® +4a;. 

2. (i)'Pick out the coefficients of x 
and x^ in 

(4 - 2a; + .T® - 3x®)( 1 f 5x - a;® - 2x®). 

(ii) Simi-lify (1 +|)-r(j 



3. Solve (i) 2a; + ?.y — 8, 2x® ; 

(ii) a: -a’® =25x - 25. 

•4. The base of a ]>ox is a square of side x feet and the length 
of cord (exclusive of knots) needed for binding it once round each 
way is 40 feet. Slu^w that the volume of the box is 2x®(6 -x) 
cu. feet. Represent this functiomby a graph, from ^ = 0 to x =5.. 
For what value of x is tb.e volume greatest ? , 

Solv^ graphically (i) 2x®(5 -x) =25 ; (ii) 5x® - a;® = 15. 

5. The nerimctcr of a triangle is 4 feet and one side is twice 
another side. If the shortest side is L inches long, poviAti'^hat 
12>Z:::j^8. 


\For additionbl test papers on Ch, I-XV, see Appendix, Q, 11-20. 
p. 323.1 
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* . EXERCISE E.P. 14 

' Simultaneous Equations (Chapter IX) 
Solv^e the following pairs of simultaneous equations : 


1. a + 6- 13. . 

o - ft “ 4. 

4. p-i-q=8, 

q-p^8. 

7. 3x - 2y — 6, 

X -h 3?/ == 13. 

10 . + 

35y=^5(x + l). 

13. =2J, 

in ~ / 1 1 . 

16. t + 22^-12, 

z - 4i. 

19. 3r + 5?/=21, 

X + 2y ~1. 

22. 2r -f .s + 10- 0, 23. 3p-f 22=^4, 

4p+2+3=0. 


2. u-v = llf 
u 4-v = 1. 

5. 21 -\-m = \2, 
• I =m. 

8. lx-y = 2, 

6a: =2/. 

11. 3x + 42/ = 7. 

?/=0. 

14. a + 26-51. 

a-6-11. 

17. c=3-2fy; 

ci-12-2c. 


3. <*2/=^ 

X +2/=0. , 

6. 2i4 -1^ = 7, 
u + V = 8. 

9. 2x + 5.?y = 8, 

3a; + 41/ = 5. 

12.\ar + 32/ = l, 

5a: +47/ =2. 

15. 4^* - 37/ =3, 
7/=2x. 

18. 3p+47-3=0, 
2/> - 5g + 5 = 0. 


20. 2a: +77/ -22=0, 21. 4a: + 37/ + 13 =0, 
3a: + 6?/ - 1 5 — 0. 3a; + 27/ + 8 = 0. 

24. 2a;''+ll7/ = 12, 

3a; - 27/ + 19 =^0, 


3r-25 + 1-0 
25. c - 7 — rf + 2 — 5. 

27. a* - 3?y - 5 2a; + 7/ - 3 — 0. 

28. 7/--2(a;+7/-l)- -2(+ + 7y+3). 

29. 2a; + 32/ — a: + 1 =1 -7/. 

30. a: + 27/ + 3 -4a; 4 47/ - 1 -3a: + 37/ + 2. * 

31. 

2p 4 3r/ + 1 -0. 


26. 2p-l=0=3+q. 




2.7: + 1 3.7/ + 1 _ 


= 6. 


33.1-1 = 2. 

X 7 / 

lr.l=8. 

X - 7 / 


34. 1-1 = 1, 

.V 2 

?+?=20. 

y 2 


35. 4a; = 4?/ - 5a: —a: +7/ - 3. 

36. 2a; - 7/ - 3 — 37/ - a: + 4 — 5a: - 87/ ■«4. 
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2l-m l-^m 
3 ~ 2 ’ 

1 = 1 -m. 

39. 

x-vy 4 2/+2 


38. 


r - 2s 3s 
i3 2 1 


40. 


r s~~ 7s* 

3 y - 1 _ 2x + 2 ^ . 
2y 4-1 + 2 $ 


Lb^« 


EXERCISE E.P. 15 

Problems involving Two Unknowns (C]iaj)tor IX) 

1. A knife and fork cost 6s. ; ‘Jie knife costs six pence more 

than th^ fork. What is the cost of each ? * 

2. A rnan distributes x oranges among n boys ; if each 
receives 10 Grangers, there are 3 left over ; but there are four 
oranges too few for each boy to receive 1 1 oranges. Find .<■ and n. 

3. I am thinking of tvvo numbers which when added make 90 
and are such that onedhird of the smaller is equal to one-seventh 
of the larger. VMiat a^e they ? 

4. 3 lb. of jam and 2 lb. of butter coKst 8s. : also 6 lb. of jam 
and 3 lb. of butter cost 14s. ; find the cost of 1 lb. of jam and ol 
1 lb. of butter. 

5. 3 (jows and 4 sheep cost £52 ; also 4 cows and 6 sheep cost 
£71 ; find the cost of one cow and of one shoef). 

6. Can you find two numbers such that three times the 
smaller exceeds twice the larger by 3, and seven limes the smaller 
/exceeds five jbimes the larger by 2 ? 

*1. A boy spends 4s. 6d., partly on the entrance money for an 
exhibition, and the rest on amusements inside ; liis brother, who 
spends twice as much on amusements, spends 7s. altogether. 
What did each spend on amusements and what \l^as the entrance 
money ? ' 

8. In 4 years’ time, a father w:.il be 3 times the age of his son r 
4 years ago lie was 5* times the age of liis son. What are their 
present ages ? ^ 

9^ 1 have to pay for 500 cigarettes two shillings moi*e than for 
3 lb. of tobacco : and I have to pay for 4 lb. of tobacco four 
shillings more than for GOO cigarettes. What do I pay for one lb. 
of tobacco and for 100 eigarettes ? 

10. I wish to give one shilling each to some childreii, but find 
I have Is. 6d. too little to do so. 1 therefore give them lOd. each 
and have ' One sli filing over. How many children are there and 
how ^luch nYMiey have 1 got with me ? f 

11. A owes £4, B owes £5 ; A could just pay his do^t rte 

borrow’ed from B orie-eightJi of what B has ; B could just pay his 
debt? if he borrow V'xJ from A two sevenths of what A has. How 
much has each ? t 
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12. Find two numbers such that the first is greater than half 

the second by 4* and three times the first is less than twicei the 
second by 1. • * * ! 

13. If *A gives B two pence, 0 has four times as much as A. If C * 

gives A and B ten pence each, then B has twice as much as A. 
How much ^javo A and B ? * 

14. A heap of half-crowns and florins is worth £2. 10s. ; another 

heap, which contains only half as many half-crowns but t^t^ice as ' 
many florins is worth £2. 15s, How jgiany coins o^^ch kind are 
there in the first heap ? » » 

15. * Can you discover a fraction such that the result of either 
adding 1 to the nurAerator or of subtracting 3 from the c> 0 nomi 

■ nator is equivalent to ^ ? fs there more than one answer ? 

16. A and B are two jugs ; an empty pail is just filled by 
5 jug -fulls from A and one from B or by 8 jug- fulls from B. If 
3 jug-fulls from both A and B are put into it, there is still room 
for another 2 pints. How much does each jug hold ? 

17. Two numbers, x andty, are in the ^atio 7:5; twice the 
smaller exceeds the larger by 36. What are they ? 

18. A shilling weighs oz. and a penny weighs J oz. ; 11 coins, 

some shillings, the rest pence, weigh 2-6 oz. What is the value 
of the coins ? ^ 

EXERCISE E.P. 16 
Products (Chapter XI) 

, » 

Expand the following exjiressions ; ^ •’ 

1. (x-3)(,!y-3). 2. (r + 4)(s-3). 3. (2 +c)'(3 +(i). 

4. .4-»/)(2+»). 5. (1 -a)(l -6). 6. (3-o)(b-2). 

7. (r + 1 )(r - i;. 8. (r + 7)(x + 7). £* {y - 5)(y - 5). 

10. (6 -0(6 + 6). ni. (c+9){c-6). 12. (8- «K3+Ji). 

13. (rf-3)(d-3). 14. (6-a)(6+a). 15. (p - 8)(p + 3). 

16. (a + 2b){a + nb). 17. {c ~3d){c -Id). 18. i2y + z){!iy-z). 

19. {4x +y){x - 3y). 20. {p +q){(ip - q). 21. (r-«)(3r+sV 

22. (2c +1)2. 23. (3</-l)2. ^ 24. (4f-3d)2. 

25. (3+2t)(3-2/). 26. (3^+2/)2. ’ 27. (io-Jfi)*. 

28. (2i*-5?/)2. 29. (r-3s)(3r+s). 30. (t - 1)(1 -<). 

Wlfet is the co«flM:iont of and the constant jierm in the’ 
Products ? '' > 

31. (a:-3)(2: + 6). , 32. (2a; + 1 )(7.r - 1). 33. (1 -4xJ(l +6x) 

34. (2x-^)(3i-2). 35. (3-7x)(2+5a:). 36. (5x - 7)(4 - 3®) 

37. (3®- 11(2x2 -X -4). 3 g. (3+2x -6x2)(4+,3x). 
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Al. (2a:+7)(4x -3** -2). 40. (6* -** - l)(6+a!). 

4;^ . Multiply 2 /* + 2y + 1 by t/ + 1- 

42. Multiply 2 ® + 1 by z - 1. 

43. Multiply 2a* - 3a - 6 by 3a + 2. 

44. Multipl / 36* - 26c - c* by 26 - 3c. 

45. Multiply 2 - lx - 5x* by 4 + 3a?. 

46. Multiply i/* - 3yz + 92® by 2 / - 3z. 

47. Multif.^r ,4^ - 2-c® - 3 J)y 2a: + 5. 

48. Multiply 3a6 - 2a® - 46® by 36 + 2a. 

' EXERCISE E P. 17 ' 


Factors 

Factorise the following ; 

1. ab - be - ad cd, 

3. 49 -A:®. 

5. aa: - 2bx + ay - 2by. 

7. x®+4a:~21. 

9. ab - 2ac + 2bd - icd. 

11. 1 -llf + 24^®. 

13. 6® - 6c + bd - cd. 

15. (a +26)® -4c®. 

17. xy -xz.-y^ -\-yz, 

<19. 12c2-c-6. 

21. lOto® 

23. -xy -\-yz - xz, 

25. 3^® + 9^-30. 

27. 1 +1/2 - 7/ -2. 

29. a:® - 4(7/ + 2 )®. ^ 

31. a(a - 1) +a - 1 . 

33. ir> + 14p -8/j2. 

„ 35. \2if-ly + \. 

37. 4a.r - i\bx + 96// Ga//. 

39. 6a:® - 2 vy -} ay - 3ax. 

41. a:®^+ (a +6).r -4 ah. 

43. 3a‘® -i5.r®// + Ga//® - 10//*. 
4b. 20//® + 2 1//2 - 542®. 

47. 1 + a:® + xy + a*//. 

49. oa: + 4 - 2a:^- 2a. 

51. (2a + 6)(c + (/) + c + rfj 


(Chapter XI), 

2. t®-7i + 12. 

4. p® - 3p - 4. 

6. 4c®-25fi®. 

8. 7/® + 10// +24. 

10. '3p® + 5p -2. 

12. a^ -6®. 

14. 2® -52 - 14. 

16. 2n® ^n ~ 6. 

18. 1 -2/ - 15^2. 

20. 1 +A+A'®+A;*. 

• 22. 10/® - 19/m +Gm®, 

24. -{r - .S’)®. 

26. 1-m rim®. 

28. a® -16a +48. 

30. 206^ -4% + 30. 

32. 4(2+12«-72. 

34. 1 -p -q(p - 1). 

36. 12a:* -16a: -3. 

38. ;{.»* +x?/ -22/*. 

4ft. 12r*+32rs + 6«».‘ ^ 

42. 28a* - 3a?) - 186*. ' 

44. 21c* + 34cd+8d*. 

46 a? -(p -q)x -pq. “ 
48. 2o‘+'3a*6c-26*c*. 

50. 2a:‘ + lla:* + 16. « 

52. 3-6«*-12«*. 
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Ib-iSj 

53. x-y + (y-xY. 

55.- 105-17p-12p^ 

57. (i’ + l)* -(a; + l){2.(;-S) 
59. 'lix^ + 5xy - 722/®. 

61. af^x + y) -jcy -a“. 

63. p(6*-fc®)-6c(l+a“), 
65. Ua^ - 13o6 - 126>. 
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54. 36a»+27a6-286«. 

56. (c -d)* +c® -cd. . I 
58. a-(a; + 4?/) -32/(3i -2y) • 
60. (x - y)® - 2x(x -yf. 

62. x{x + !)+(* +^4)(x - 3',. 
64. - Ixyz - J 82 ®. • • 

66. 6.c2 - ^xy + 10;y2 - ISxUs, 


/ 


EXERCISE E.P. 18 
Quaf^ratic Equations (Chapter XI T) 

1. If (^ - 3)(^ - 15) — 0, can yon find the value o,f x wlien 
U) y—1; ( 11 ) y —5 ; (iii) 7 / — 0 ? If so, what is it ? 

2. If (a - b){x + 2) =0, find, when possible, the value of x when 
';i)a = 3, 6 = 1; (ii)a= 0,6 = 1; (iii) a =4, 6 =4. 

•3. Do you know anything about the numerical value of x u 
art/ = 10 ? ♦ •* 

4. can you say about the values of x and y if 

(.r-3)(// *-r )).---0 V 

Express the following facts by equations : » 


5. 

Eil lier .r = 3 or a: = 6. 

6. 

Eit her y 

= 2 or y - 0 . 


7. 

Either / = 2 or / = - 2. 

8. 

Either z 

= 0 or 2 =4. 


0. 

Eith(*r if = 1 or y = 1. 

10. 

Either x 

■- - 2 or a = 

:3. 

11. 

Eit her p — - 4 or jt) = - 7. 

12. 

Either y 

= 3 OT z'— - 

2. 

13. 

Either x = i or - .‘h 

14. 

Either t 

-1 or /=^f. 


15. 

J^Jither y - 0 or y - - J. 

16. 

Either z 

=- -21 or 2 

= 

17. 

- r • 

X ^ d r>. 

18. 

±1- 



19. 

y =z{) OT 2 or 5. 

20. 

2 = 1 or 

-- 1^ or - 2. 


21. 

i—\ or - 2 or 1 J.' 

22. 

t? =0 or 

4 3 

J- 4 . 


23. 

X — or 21. 

24. 

cr 

- 1 J or - J. 


Solve the following equations 





25. 

.t(x~3)-- 0. 

26. 

(^-2)(x 

4 3)=0. 


27. 

(.e -4)®-0. 

28. 

3x(x 2) 

= 0. 


29. 

(2x-r5){x-n)^0. 

30. 

(3x + l)(a;+3):^0. 


31. 

!ix(%x-2)^0. 

32. 

(2.r-f 3)2 

= 0. 


33.' 

+ l)(j; - 2) --0. , 

34. 

(2j; - 7)(7a; + 2) :3.0. 


«5. 

-fw*;4)2(ar+4)=0. 

36. 

(3-2x)(6+x)=0. 


37. 

(4+ar)(l -4ar)=(y. 

38. 

(1 -x)(2 

-a)(3+ar)^ 

0 . 

39. 

a:2-ar + 15--0. 

40. 

~%x = 

0.^ 


41. 

•+ 1 \x 28 = 0- 

42. 

+ 1 la : 

= 0. 
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4i. + ^x -6=0. 

45?. a;a-6;i: + 9=0. 

47*^ a:* + 9a; = 36. 

49. a;(a;-i)=72. 

51. 2x2-11-4-5=0. 
53. ^2 ==25. 

55. 15x2 4- 2a: = 8. 

57. (2x4-57^-25. 

59. 4a*2 = lx. 

61. (.t4-1)(x-3) = 12. 
63. x{x - 1) =3(x - 1). 


44. a;2-3a;-70=0. 

46. x2 + 12x + 36=0. 
48. a;2-.lla; = 60. 

5(f, a;(a; + 2)=99. 

52. 6a;2=x4-2. » 

54. 4a;2 = 9. 

56. 14x2 = 17x + 6. 

58. 20x2 -7x — 6. 

60. 10x2 4-33x + 20=0. 
t)2. (2x-l)(l +3x)-:4. 
64. ix+2)2=5(x4 2). 


{EJRi 


EXERCISE E.P. 19 ’ 

Quadratic Equations (Chapter XII) 

In solving the following equations, use tlie direct factor method 
whenever it is easier tb do so. If the' roots are not rational, give 
each root correct to one place of decimals. 

1 . x2 - 4x = 3. 2. x2 4- 6x = 8 . 3. .t 2 - 5x = 7. 

4. x2+3x=5. 5. x2 + 8x + 14=0. 6. x2-10x + 12=0. 

7. x2-7x = 18. 8 . x24-5x- 7=0. 9. x2+x-3=0. 

10. 2x2-12x = 15. 11. 2a2 4 3a; = 4. 12. 3.^2 -2x = l. 

13. 3x2 -2.- ^2. 14. 5x2 -8x 4-2=0. 15. 4.1.2 -3x =3. 

16. a- +-'=3. 17. a: + 5 = -. 18. 2.r+-=7. 

- ; • X X 

19. 2x2-f5x=3. 20. 3x2 + 4x = 8. 21. (x+ l)(5x- 1) = 6 

Which of the following equations have no roots ? Do ixot solve 
any of them. 

22. (i) 4x2-7-^0; (ii) 4x2 + 25 =0 ; (fli)_:c2^-6. 

23. (i) x2 - 4x - 5 =^' ; (ii) x2 - 4x 4- 4 =0 ; (iii) x2 - 4x + 5 =0 ; 

24. (i) x2 4-10x- 1=0; (ii) x® + lOx -f 21 =0 ; 

(iii) x2 4 - lOx 4 - 25 =0 ; (iv) x2 4 - lOx 4 - 26 =0 ; 

(v) x2 - lOx -I- 26 =0, 


EXERCISE ^E.P. 20 
Fractions (Chapter XII I ) 


Simplify ''he following expressions : 
- 3x - 3 y 2 26 

* 3x 4 - 3?/ ’ ' 5a 4- 515* 

. 0 4- c2 Vi 

3^4* 3c' n2^2i»* 




18 .M)J ' EXTRA PRACTICE EXERC^ES , 

_ ah* +a*b - 2a:-2« « 4® - 


abc 

o»-&» 

' (a - 6 )®' 

.bo-b^c . 

a:*- 3 

a?* - .T - 6 ' 
-f- 6 a^ + 8 


OO ?/®- 2;/4 l 


g 2x-2y 
• (x-y)^' 

,, %a;!*- 6 a:y 
“• ■” 1 ^ • 

14 

(2a-4)*' 

17 

2 a+ 6 “', 

20 

-^xy + 

BX^-X 

{ 2 x - 2)2 * 


a 

— X 

a2 -1 2a + 1 

a'2 + 

xy 

„ 2/“ - .yz 

a// - 

xz 

xz-\-yz' 

2a 


My 

3 a - 

1 “^ 

X? - X ' 

a-2- 

X , 

ax 

ax - 

a ■ 

oa - a * 


^ 4 a? ~ 4 7 y 
62/ - 6 j; ' ^ 

12 * * 
15 

^x^y - 3 xy? ■ 

- o ab~b^' 

M - 26 * * 
a:2 -8a: + fg 
a?2+2a;-36‘ 

24 

a® +0 - 2 a - 3 


q , a:2 - 2.r ?/ + /y 2 .^2 + 2xy + y^ 

OO, i X 5 — ; 

- +xy 

^ - 6® 4- 26c + r® 6 

““6"2'+26c ^ 52 ^’ 

37 __? 2 _ 

a;^- 2 a? + i * 

39 _] « ^ 

^ 3rt 36^ Or -G6*# 

>.1 4 12 

a; +'>''‘j:2 -9' 

43 _ ^4-1 

* a; -H 1 a* + 2 ’ 

a:, ^ 1 

x^^~x^+2x-8’ 

47. _L__ ?_• 

^a - 2 a® - 4 ‘ • 

^9 - ^-UT * 

’ a* - 1/2 X - y’ ^ 

51 1 


- a - 


4 a -12 

9 x* 

3 a» 

^ 6 x - 18 

60 

2a 

a - 3 b 

3 a - b' 

- xy 

. ai/ - 1/2 

xy+y^ 

* a2 + xy * 

62 - 

C? . ( 

62 - 26 c -t c2 

: 2 - 4 cr 6 + 462 40’ 

i2 + ah “ 

662 • a2^, 

2 a - 3 

a-2* 

3 a: -9 

2a -6* 

a 

If 

a -b 1 

0+6 


y 

a-i/ ■ i/-a‘ 

ah 

b 

a^-b'^ 

o + 6 * 

a * 

,+ 

a 


. Q 0 + 26 0-6 

o* +06^06 +6i‘ 


’ a 2 - 4 a + 3 a® - a»- 6 * 

52 ^ 262 
•6+c'^6-c 62 -c2*’ 
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EXERCISE E.P.21 


fs j. 21 ] 


Simultaneous Equations ^Chapter XV) 

Solve theiollowing sirruiltaneoiis^equations ; 

1. 2;c - 5.?/ — - 4, 2. 3<;-5t/ = ll, 3. Ja;, - Jy + s = 8, 

X + Zy 4- 2z — 5, 2y + 3z = 34, 4i/'' -Iz — - 20, 


^ -y ~z= - 10. 


52 - 4ar =22. 


x+?^-i 2 = 8 . 


4. 2x -y-z'-^z-x-ly-\(x-\^z)-y = \{y+i)-2. 

.11.11.11 

0. — — — — 4, “ — — o, — I — — 1 . 

X y y z X z 

^23. i/i 1 6 „ 3 l" 1 

X y X y X y 3 ' 

7. 2a; + ?/ = 1 , 8. a; - 2// = 1 , 9. + //® = 34, 

x^ ~ 2xy = 39. ry = 1 . x ~ y —8, 

10. 2a;* + 2 /* = 3, 11. 7a; ~ 2 / " 2, 12. a;* 4 - ?/* ~ - 6a;, 

x+y =2. a;*+ 2 /*=i.J. y-2x-3. 

13. a;* + 2 /^=a; + i/ = 2. 14. 2y =lx - 5xy — 3x -xy. 

15. xy ’^2x -y = 3, 16. lxy=x-\-2y, 17. 3x~y~5^ 

x+y — \, 3x-4ty — \. (.i; + 2 /)“= 17x -y+2. 

18. 20y = 9a; + 1 3, 19. .r* - S-ry =28, 20. x + 2y +xy= - 2, 

2/(13 -a') = 4(x + 2). 3a; +2// = 10. 2x-xy—^, 

22. .T*+?/2+5a’=3, 

5a; + 4// =2. 

*24. 3a; + 4y/ = 1 8, 

a;* + 3xy + 2y* = 40. 

26. 3y-,5a;=4, 

2 a'* + Tixy - 32 /* = - 10 . 

28. 2a;2/ -a;* =24, ^ 29. a;y4 2/*=4, 

2?/* -xy~ 30 a;* - xy + 2y^ —B, 

1^ J 1_ _ J_ 

a; 2/”^'^l 2 / + 2"” ^2* 

33. a;* + 2 a; 2 / = 3, 
y* -a;y =4. 

35. ii6(a;* -a;y) = 18(a;y t 2 /*) = 1. 


21. 2a;-3yt.= l, 

X* + 2 '“* =2a; + 1. 

23. 9x*. f 6xy 4 1 6y* = 4, 

3a; - 2y =2. 

25. 3x* + 5xy + y* = - 3, 

2 j; + 3y = - 1. 

27. x2+.ry = 90, 
xy y^ - 10. 

30. a;2 - 15 = iy2 - 10=X!/. 31. i-i = — 


. 32. 2a;y +y* = 16, 

2 x* -xy — 12. 

34. (x + 2y)(2x + y) = 20, 
y* + 4x(x +y) = 16. 

1 1 



APPENt>I^ (Pabts I-II) ' 

. I* 

^'BBTISION EZEECISE B. 1. (Ch. I4I) 

].• If < 4 ^ 2 y 6 ==4, c =5, find i}i9 values of ; 

(i) ; (j|) 2a* ; ^ (iii) ac ; (iv) 3^ ; (v) 

(vi) 1 +ac ; (viii) 2a - 6 ; (ixj^ -O'? <x) j- 

2! If a? =4, y =0^ 2 = 3, find lihe values of : 

(i) xy; (ii) yz ; (iii) a;at-y+z; (iv) -2zy. ^ 

3< If r =9{a - 2), what is r if a = 6 and if a =2 ? 

4 . If ah = 36, what is a if 6 = 4 ? 

5. If c + d = 36, what is d if c = 9 ? 

6. Express the following operations by symbols : 

(i) Multiply 4A; by 4 ; (ii) From 2n take 2 ; 

(iii) Three-quarters of y ; (iv) Multiply 2a by 3a. 

(v) Divide 10c by 6 ; (vi) Six times r less tyice r. 

7. What is the cost of : (i) n eggs at 2d. each ; (ii) 1 lb. of 
tobacco at Zt pence per oz. ? Answer in shillings. 

8. Two years ago I was 2k years old ; how ol(P shall I be in • 

two years* time ? • 

9. A family uses 4ar pints of milk a day ; how many gallons 
in a fortnight ? ^ 

10. A note-book is t inches thick ; how man^ in a pile 2 feet 
liigh ? 

11. If p = 2, g =4, r = 5, « =3, what are thewalues of : 

(i) p+(g+r)5; (ii) (p+^)r-|-fi; (iii) (p+q)(r+8)\ 

(iv) p(g+r)-l-s ; (v) (g+r)^s; (vi) p -T-(r 4 «^) 7 

12. Express by brackets : 

(i) twice the sum of c and d ; “ 

(ii) the result of subtrcwsting (x-y) from (a4-5) ; 

(iii) the product of p + g and y +z, > ^ 

* # 

^3. A j )en costs 2d. ; how many pens can I buy for z shillmgs f 
14. If c==l»d=|, find the values of : (i) cd ; (ii) 1 ' c ; (iii) g ; 
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15. 8 feet per second is the same speed as ^ miles per litrtMr. 

Express in miles per hour, (i) 44 ft. f>er sec. ; (ii) 11 per 
second. ^ 

16. A hotel bill for days is 12n shillings if n <5 and otherwise 
is 10» shilling^. What is the bill (i) for 3 days, (ii) ter 1 week ? 

17. If a rectangle is I in. loi^ and if its Mrimeter id p in., its 

area is l{ip -1) sq. in. What is fhe area w a sheet of paper 11 
mohes long/aj(j-.'^. 3 ft. in , 

18. The product of a + 6 and a,- 6 is a* - 6* ; show that this is 

true when a =p and 5=5. , 

19. What must be taken (i) from 17 to leave 12, (ii) from b* 
to leave z ? 

20. How long, does it take to motor 6s miles at 20 m*p-h. 7 

21. My stride is 3n inches ; how many yards do I go in 8c 
strides ? 

22. For my first year’s work, I receive £P ; if I am paid £Q 
a year more every year, what do I receive for my fifth year ? 

23. There are g gallons of water in a tank which holds s gallons 
when fu-ll. If water runs into it at the rate of 3 gallons every 
t seconds, how long will it be before the tank is full ? 

24. I can swim v yards a minute in still water. Swinuning 
with the stream, I travel s yards in t minutes. At what rate 
ta the watei' fiowing ? 

25. I bicycle 12 miles an hour ; how far do I go in 7 minutes ? 

26. The sum of two numbers is 20 ; one of tljem is 2n, what is 

the other ? ‘ 

27. A walks s miles in t hours ; B walks 1 mile an hour faster 
than A ; how far do/^s B walk in 2t ho’irs ? 

I 

28. The difference of two numbers is d. If the smaller is 5d, 
what is the larger ? If the larger is d*, what is the smaller ? 


' 29. If a=2x -y +z and 5 =a:+ 2 /- 2 z, what is the value of 
ila - bp when a? = 4, 2 /=j 3 , s=2 ? 

30. If a = 2 and 5 = 3, what are tke values of a5, 7 

31. IfiM - w = 3 and if V =5, what is Ii +v 7 

.3^1. If - = 4 and if g = 3, what is no 7 * 

o . 

.'33. If 3a? “ 62 / v^z, find z when a? =4 and y = 1. 

.34. If 2 a + 65 =c, find c^when a = 0 and 5 =5« 



REVISfON EXERCISBift 2» 

S6, Jix^2y and y ^3z and z =4, what iaxi 

86. Ji a?=2y =3* =24, what iB(i) x; (ii) x +y4^« f . ’ 

V • » 

37* If'Z =2 and if 6=1, what is (i) 2^ (ii) ^ t . • 

38. A man buyB n eggs for half a crown and seUs them for 2d. 

each. *What is his profit, in pence ? *’ 

If his profit is lOd^ what is n J 

39. A man walks 3 ad^i 4 m.p.h. dbnmhiU., How 

long does he take altogether, if he walks 6s miles uphill and then 
6s miles downhill ? . 

• . I • 

BEVISIOV EZEBCISE B. 2. (Ch. III-IV) * 

Solve the equations : ^ 


J. 

?? = 7 

3 * 

2. 

4 -n=« - 

9. 

3. 2-6r: 

=3*6. 

4. 

10-7«=6(«+2). 

5. 

** 2t , 
3'9 = *- 

• 

. *-3 

®- ~r 

=f 

Simplify, where possible, 

the following expressions : 

• 

7. 

106-66. 

8. 

6a6 +3o6 - 

-ab. 

9.n-^ 


10. 

3y* -3y. 

11. 

12a;* ~ 7a?* 

-6»*. 

12. 6c^- 

26a. 

13. 


14. 

r*s +s*r. 


16. 6a»5- 

3o** • 

16. 

3a 26 

26’^3a' . 

17. 

• 

f X 2^ X 4/. 

' 

18. 2a6 X 

• 

36c. 

19. 

8a;»-^2»*. 

20. 

3ia;^iy. 


21» 2pq xp* x45r. 

22. 

c* 

c*’ 

• 

23. 

Ad 

Ad' 

• 

• 



25. 

r» 

(2r)«' 

26. 

Ih.1. 

3s^ 6s 


”S- 

a 

V •• 

• 

28. 


29. 


• 

80. 1^1. 


U. 

Fin^ the H.C.F. 

of 12a;*, 36a?*y, 

42a;^*. 




32. Find the L.C.lVft of 9a6*, 6a*6c, 4a6c’. e ^ 

?3. Find the H.C.F.^^d L.C.M. of 16p*s*r*, lOpgr*, 2Bfr. 

34. To ar^odd number I add twice the next laiger odd numbAr I 
the result is 65* What are the numb^ ^ « 
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35. The frame for a picture costs three^guarters of the amount 

the picture costs ; the two together cost 5 guine'as. What does 
the picture cost ? • 

r • 

36. The' angles of a triangle, measured in degrees, a**© 2a?, 
3a: + 6, 4(a; + 10). What are their numerical values ? 

37.. A man is 40 years old when his son is 4. In*how. many 
, years’ time will he be just 3 timed as old as his son ? * 

38. SubtrfciCt 12a; oz. from 2a; lb. in oz., (ii) in lb. 

39. A rectangle is (3o - 26) in. long and (2a - 6) in. wide ; find, in 
feet, its^^ perimeter in terms of 6, it a = 36. 

I 

40. Simplifj', and arrange in asceiVding powers of x, the sum 
of 3a;* - X -5, a;* + 4a: + 7, a:* - 2a;* - 1 . 

41. What fraction is 4k half-crowns of £(3P) ? 

42. How many portions, each § inch long, can be marked off 
along a line s feet long ? 

#2 * 

43. From lf«* subtract ^ . 

44. A pipe fills three-eighths of a swimming bath in S hours ; 

how maty minutes does it take to fill the whole bath ? ^ 

45. A tank is 81 ft. long, 31 ft. wide : it contains I cu. ft. of water. 
What the depth of water in the tank, in inches ? 

Ir 

< Cl 1 jy-v n n ^ .... 2r r 

46. Solvrf(i) 2 + 3 =®: (“) 3 “4=2®- 

' . • 

47. What value of k makes 3A; + 1 and 2k + 6 equal ? 

48. Simplify (i) 3aa; x 26a; x 5abx ; (ii) 3aa; x 265; -^6abx, > 

49. If 6a: = 12 4- 2a; and 31/ = 10 ~ 2y, fiijji the values of (i) xy ; 

(ii)x+y. ^ 

50. If 0 = 26 and a^6 = 12, find the value of a6. 

5i\ Prove that a; = l and x = i are roots of the equation, 
2r* + 3a:* -8 x4-3=0. 

52. If 2o-l=ll-a and if 6 -6 =6 + 1, find the value of 
0+6 • • 

5 ^- 

' 53. For Tyhat value of ? is 6 (Z - 3) - 6 ecyial to 2 (Z + 3) + 1 : 

sd. If p + 3 ^ = 10 and q+r = 12 and r+s=20, find tk^ vahw 
of ^ +a. * *■ 

55. If x=i5c-'-/ and 4/ = 17 -3c, what value of c .ill make x 
and y e^ual ? Check youib answer. 
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REVISION EXERCISES 


Ml 


BBVlSIOll BZEBCISE B. 3 . (Ch. m-VI) 
Simplify the following eitpressions : 

2.0+26-6-20. 


4. -ScV 3c‘. 
7 . ( 2 y*)>. 


6. 4r’«+Jr. 

, 8 . 


10. 5j. 
z* 


11 . • 

• o 

Solve the equations : 

io ^ ^—97 

2+6~4-^’- 




6. 12 -r 


2 


9. ;f92/*-r6a5y. 


12. d»^±. 


15. 2y -0'8y =0-36. 


14 . J( 2 «-l) = t(t-l). 

16 - i-^4- 

, 2^ op 4^ 


17. The Census returns for England and Wales are as follows : 


Year - 

1861 

1871 

1881 

'l891 

1901 

1911 

1921 

Population in 
millions • 


22-71 

25-97 


32-63 

• 

36-07 

37-88 


Estimate from a graph the population in 1895 aifc^ 1906. , 

Ts the return for 1921 surprising ? • 


18. Greenwich time for sunset in 1927 was as follows : 



'Ap. 1 



May 1 

May 31 




Sept. 28 

p.m. 

6.30 

7.20 ^ 

• 8.3 1 

8.19 

7.51 

a 

6.64 

5.45 


Find from a graph (i) the time of sunset on Ap. 16, June 8 ; 
(ii) the dates on which the sun sets at 6.46 p.m., 7.43 p.m. 


19. A jet of water from a J inch nozzle under a pressure*of 
P lb. sq, in. attains an effective height h ft., where P, h are 
related asiollows : • 


—a - 

P 

40 

60 

60 

80 

90 

loy 


61 * 

'‘67 

72 

79 

81 

00 

• 


Find from a graph (i) the effective height for a pressure of 
70 lb. per sq. in., (ii) the pressure necessary for tin effective height 
of 70 feet. • • 
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20. Interpret tbs given graphs t» <le^. When and where 
Travel Graphs pf A & B 


■■■■■■ 

HBSSal 




3 p.m. 4p.m,* 

Time of Day 
Fio.200. 


do A and B pass one another ? 

e • 

Simplify the following expressions : 

21. Z{x - 23 ^) - 6(2a? - 3y). 22. a - i(2a - 66). 


2a 


0.1 + 2p* + 3g* 

10 i • 


25. 7(a -26 -c) -6(a+ 6 -Sc). 

• 26. x{y -^i) - y(z - 2a;) - 2 (a; - 2y). 

27. c -(2c -(2 -c)}. , 26. 3{a -6^} -2{6 -a^>. 

29. What must be added to 3a; - 2y - z to make 3z - 2a; - y ? 

30. Add 3p - ^(q +r) to 3g - 2(p +r). * ‘ 

Copy and complete the following : • 

31. 8o6-66»=26('« ). 32. 6a; - 6y = 2a; + 3( ). 

3p. a;-33/ + 3z=a;-3( ). 34. p -4g -4r =p -4{ ). 

c Write down, by means of brackets, expressions for the following. 
Nos. 36-39. ^ 

^ 35. ^e aipount by which the sqtlhre of (o + 6) exceeds the square 

* 36. Tifie distance travelled in + 3) hoik's at (t; - 1) mi^es per 

houf. • 

37. The area of a rectangle 2(1 + 6) ft. long and (h + 3)" ft. high. 

38. Tho sum the first (2A; + 1) positive integers/ given that 
the sunt of the first n positive integers is ^(n + 1). 
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39* The side o/ a Bqimre whose area equals that of a seotangle 
[a loxig and (a +c) in. wide. 

• • ' t 

40. A rectangle is (p +3^ +ir) in. long and (p +q 4*8r) in. a?ide ; • 
% squaie is drawn having the same perimeter as the Veotangle. 

By how much dpes the area of the square exceed tjie area of the 
rectangle ? • 

41. A man buys ia cows for £e ; he sells x of them for Sp eadi * 

ind y of them for 64^ and the re^ for £r each. ^Express his 
;>rofit in bracket form. ^ •• • • 

42. ' Eggs are bought at p peifce a score and are sold at a profit 

>f R per cent. How many §re sold for 1 shilling • 


EEVISION EXERCISE B. 4. (Ch. YI-VIII) 
Simplify the following expressions : 

1 /IV ft 1 -l-a; 2(1 -a:) « p/ 1 1\ 

4. 2(**-7» + 3)-5(!B*-a: + l). 5 '. 2c^c-|)-|(c» -3c). 


6. 6a-3{c-2(a-6)}. 


7 n-2 

6n " 4n 


8. If a: = - 2, y = - 1, z =0, < = 3, write down the values of : 

a; f 

{i)icy; (ii)a:yc; . (iii) ^ 

(v) a:*+y^;* (vi) ; (vii) (viii) y(a:+«) ; 

(ix)*(y-t); (xfx*yHi , (=1) (* -y)<y-*). 

Simplify the following expressions : 

9. ( - 3o)( -o). 10, (36)( - 3c). 11. ( - 4d*) -^( -Sd}, 

12. (-2e)». 13. {12r*)-^(-3r). , 14. -( -s) +( +«). 

16. (w)‘A-«). 16. 17. 

“2f ~ ^ 

" • * 
^Ive the following ec^oations : • * 

18. (^ +•!)+{* + 2) +4* + 3) =0. 19. i(l-y) = lj. 

20 8— 21 0 
ao. — 8 — ai.^j+_^+__+-_o. 
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Copy and oompleto the folio-wing : | , 

22.'(-o)(rt)(-c)*=-( ). 23,*-!= -( ). 


24. 

( -o)( -6) 


56. sjit =iz£. 

p-2q 


26. . What can you say about n if ti* = 81 7 

27. What can you say about y if «=— t 

, , ' %■' • 

28. What can you say about a; 2(a; + 6) is less than 9 f 

29. SfUbtract 3a® + 2a 4- 1 from o. o 

30. Divide -xy by -x. 

31. If 4^ equals - 12, what are the values* of 

2fi‘, 2s®; (-2s)®; (s-2)®; (1 -s)» t 

32. Simplify 2a; (3 - 1 /) - 3y (2 - a?) - a: + 7(7/ - 2a?). 

33. Sunplify-gj— 5 ^. 

34. Find the sum of 

^ 2x(Sy -z-^x) ; x^-lxy + 5xz; '3xy -x{2x +z). 

35. Simplify (i) ( - 2a)® 4- 2a® ; (ii) {3a? 4- y “(8y - Ha?)} -5-7* 

36. Solve h2n - 3*4 =0 05n 4- 1-2. 

' r 

37. Sol^iei + ^I^O l. 

38. For what value of p is a? = - 1 a root #f the equatio]i« 
a:»s=6a7 --2a?® 4-p 

39. Solve J(2z-l)=3 4-i(l -3z). • 

40. Simplify 2a; 4-3 f2 - (a? 4-y)} -x{3 -2(a? 4- 1)}. 

41( What must bo added to / 4- y - 6 to make / - y + 6 ? 

9C 

42. From the formula, F=324'“, find the value of 

F = liC. .« 

r 

43. If - 1^ is two-thirds of - 1^, find the value of each 

expression. c 

44. I walk (or 2^ hours in the morning ^ x miles an hour, and 
for^g hours in thi» afternoon at 3} miles an hour ; ,jthis makes 
17 milei^ altogether. Howtnany hours’ walking was this ? 


C ii 
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45. There are 56 con|partinents in a train, soma with 8 seats, 
the rest (Srst cl^) with 6 seats. Find the number of fbnst-elass 
compartments, if there are 400 seats in the train. 

46. Find a value of k for which the fraction reduces 

to|. . / . - + * 

47. If 2^ half-crowns and (3p + 4) shillings are together worth 
£3, find the value of p. 

48. A man takes a quarter of an«hour to go a 'haile and a 
quarter, running part of the way at 6 m.p.h. and wmkin^ the rest 
at 4 J-m.p.h. How far does heavalk ? 

, 49. A man goes l?y tramrfrom A to C at 7 J m.p\h., passing a 
house at B on the way. He waits at C for a quarter of an hour and 
then motors back to*B at 25 m.p.h. ; the total journey takes 
1 hour. If AB is j mile, find AC. ^ 

50. An express train travels half as fast again as a motor-car. 
It takes 40 minutes less than the car does to go 84 miles. What 
is the speed of the car ? • » 


REVISION EXERCISE R. 5 (Ch. I-X) 

1. If nr^h = 210 when r = 3 and A = 6, what is n ? ^ 

2. Simplify i(3a - 6) - “ 12). 

3. If a = 3-2x and b=3x-2, prove that 2a + 3b=5x, and 

find the value of 3a + 26. ’ ^ ^ 

4. Simplify ^ 


5. F^d by tiial what integral values of x, from -1-4 to -4 
inclusive, make the expression a?* - 3x^ - 10a: -h 24, zero. 


6. At a meeting thei^fe are (3a -1- 26 - 6c) seats. If (2a - 6) men 

and (36 - 2c) women and c children are present, how many seats 
are empty ? ^ 

7. Simplify 

^ xy yz 

o c. 1 + 1 a; -1-4 

8. Solve -5 rr-=-E-: 


-z z-2x 
^ ^zx 


9. Soli^e 0'2(« ~01)=0-3(f-0-2). 

10. ^y how much does a®-lla6-26* exceed the ‘’sum of* 
8c^-2a^-f6“and46*-6^.6-ho*? ^ ) 


Solve the following ^nations : 

11 . 6(*-B)-3(a:-4) + l=0. » 
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18. 14. I-26(|4-3)- 1-75(6 -»)=0*26. 

< e 

15. If =r j, find the value of <v wh^ u =4'6 and/=sl-8, 

16. If — j — is twice — , find the value of each erpresedou. 

17. If 1 =50, what can you |fij^ atout the value of « ? 

18. If 'N “ (Is per cent, of N) equals 61^ what is N ? 

19- I travel a certain distance at 16 m.p.h. pnd 6 miles less than 
this at i2 m.p/!i. How far do I go altogether, if the journey takes 
2^ hours Z. 

PRT 

20. If I =-j^. express R in terms of I, P, T. 

R 

21. li express r in terms of n, R. 

22. It re = f (y - 9), express y in terms of x. 


Solve the following simultaneous equations ; 

23. = 24. 25. y=K5x + l)^ 

®+ 2 / = 8 . 2x-ly^\b, »= 1 { 2 /+ 3 ). 

26. 23^ H-y ^6 -7a; -3y =|. 

'2'if. i(2«:+y)=K4*-3y) = J{*T-2y+2). 

28. For 30 shillings, I can hire for 2 hours either 9 mftp 

10 boys or 6 men and 20 boys. What do I pay per hq\u' for a 
man and for a b^y ? 

29. If A gives B 5 shillings, B will havi 3 times as much as A. 

If B gives A 7 shilling, A will have 3 times as much as B. How 
much has each ? ^ 

30 Find 3 consecutive even numbers such that 5 times ihe 
k^^gest is equal to 3 times the sum of the other two. 

31. If n sixpennies, vi shillings and (2n - 3) florins make up £3, 

find the value of n. * « 

32. A Ip twice as old as B. In 14 years’ time, the sum of 
^ages will be^6 times B’s present age. How Qld is A now ? 

33 T A man bought eggs at 8 for a shilling and Bol4*^em%i 
2s. 4d. a.dozen. His profit is £5. How iSaay did he buy 7 

34. By selling k picture for £60, a dealer gams 5 as mnAK 
as he weuld lose, if he soldst for £42. What aid it cost 7 
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36. A cyclist Hdi^mt 12 m.p.h. passes a train going in iha 
opposite •directibn in 8 seconds. If the train had be^ i^ing 
the same as the cyclist, it wotdd have taken 9 second to 
pass him. £md the let^h of^ the train in yards. ^ 

36. If 2o -6 — 1 and 3a + 26 =3, find the value of a +26. 

37. If X 3^6, y =3 3 are the roots of the simultan^us equaticmSy 
« +oy = 14, 6® +y =7, prove lhat a +a* =6 +6*. 

38. What can you asy aibout n if - 1 and,12*-^are each 

greater than 8 ? ^ ^ ’ 

39*. Evaluate T(a;^+3)(3a5 + 4f for a; = -2, -If, -1,0, 1,*2. 

40. Make a table of values for 3x* - fix - 2 fo\ x = - 2, - 1, 
0, 1,2, 3. Sketch a rough graph of the function on plain paper. 

12 

41. Make a table of values for — for x= - 6, -6, -4, -3, 

X « 

-2, -1, -0-6, -01, +0*1, +0*5, +1, +2. Sketch a rough 
grdph of the function on plain paper. 

42. Use Fig. 162, p. 160, to find approximately the values of t for 
which (i) 20t - Si* = 16 ; (u) 20f - 6^* = - 62. 

43. In making a table of values for y, where y = 6x - 6, 1 select 
values of x which increase by 2 ; what will be the corresponding 
changes in the values of y? 

Sketch a rough graph of y = 6x - 6 on plain paper. 


44. Repeat No. 43 for y, where y=10-5x, if select values 

of X which increase by 4. • \ * 

45. Draw the graph of y, where y= to + 1) (4 -x) fram x=: - 3 
to X = 6. Use the graph to answer the following ; 

(i) What is the greatest value of (x + 1)(4 -x) T 

(ii) For what values of x is (x + 1)(4 -x) equj|l to 3 ? 

(iii) For what values of x is (x + 1)(4 -x) positive 7 

(iv) Solve the equations, (a) (x + 1)(4 - x) = 6 ; 

(6) (x + l)(4-^)+4=0. 

46. The relation between the effort P lb. and the load W lb. 
which a machine can raise is P = o +6W, where a, 6 are constants. 
For loads of 130 lb. and 200 lb., the necessary efforts are 30 U>. 
and 40 lb. Find graphically, and by calculation, the effort 
needed foi; a load of 80 lb. • 


47. Sdive graphically the simultaneous equations, 2y+x = 12; 
3y - ^ = 6. Compare the answer with that found by cak^ulation. ^ 

^48. A stone is projected along a smooth horizontal surfacs in a 
resistmg medium ; it is foimd that it travels a feet in t seconds, 

where represent t ^15 --j graghioally for vakies 

of i from 0 to 10. How far does the stone go before it stops? 
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REVISION EXERCISE R.f 

Kactbrise the following : • 

i. c»-36. 2. 6* -266. 

4. + 8a; rf 16. 5. + ly + 12. 

7. 1 -r2. 8. <a-3«-10. 

10. 1+A;-6A;®. 11. 3x» - 12- 


(Ch. XI) 

3. a* - lOo +26. 

6. zf^-^^z + lO. 

9. 165 -a«. ‘ 

12. a2-9a6+206*. 


1,5. (2c-3d)(2c+3c?). 
18. (1 -4z)(l+«). • 


Expand the following : 

13. /o- 6)*. 14.(1-36)*. 

16. ( 3 ! + 3)(4-6). 17. (j/-2)(j/-’7). 

19. (2p-5qY. 20. (2p -69)(2p +63): 21. (3a:+2)(4*-6), 

22. (2a-6)(3u + 66). 23. (6 - 3a:)(2 + 3a:). 24. ^2a: -7)(3 -a:). 

Complete the squares for the following expressions : 

25. a:* - 12a:. ‘ 26. y* + 14j/. ' 27. + 7*. 

28. o»+o. 29. 96* +46. 


Simplify the following : 

31.2V-- 32. 

3o a; + 1 


30. 4ca-6c. 




2c — 2<^ 

.7 


4p* + 12p3 
6pq + 18g2 ' 


36. 


1 +0 
c6+6' 


Factorise, where possible, the following : 

37. a(g +r) -6(r +g), 38. c(p +g) - d(jrff-g). 

39. x(a + 6) + Jr(a + c). 

41. (p-g)a; + (g 
43. a(c -^d) -c - d,^ 

46. ap ^cp -aq- cq, 

*' 47. 6ac - 2ad - 9ac + 3od. 

49. (a+26)*-4c2. 

51. 2x^ + 9a; -6. 


53. 2/* +1'® +3/ + 1- 
55. 6a;* + Sxy - Sy^. 
<37. (a+6)*-(f +d)*. 
59. 94c* + 2cd-15d*. 


40. (a -c)x + (a - c)y, 
42. a;(a' - 2/) + a; - y. 

44. x(2/ + 3)+2/(x + 3). 
46. 6^ + 6(i + 6c + cd. 

48. a* - ac + 6c - a6. 
50.«4a;2 - (2/ -2)2, ( 

52. 1 - 2i/ - 32/2. 

54. a* + 2pb + 6® - c*. 
56. a;2 + (a - b)xy - ah, 
58. ca; - 6 + 3c - 2a;. ^ 
60. 36 -331/ -1 
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01, If X =p - 2g and |L=i= 2p - q, prove that 
a?« +2pg' 4 - 5 '*. 

62. Divide (a?* - 3a? +2)(ar»*- 2a? - 3) by a?* - 1. 

63. Factorise (a + 26)®(a + 36) - <a + 36)*{a - 6). 

• • • 

64. Finc^ the square root of 

(a® + 2a - 15)(a« + 3a - 10)(a® - 6a + 6). 

65. Simplify • • ■ 

(2o‘ - 19o6 + 356*){2o* - ISq^+lSb*} - 16o6 -I- 166»). 

Factporise the following : • \ - 

66. y{ 6a? - 3y) -^yz 2xz. 67, a?®^* + a? - xy* - f 

68. a(a +46) - 36(3a - 26). 69. a?(a? +«) +«), 

70. (l+a)a(l+6®)-(l+6)®(l+o®). 

7*1. (oc +6(iai)® -a?(ad + 6c)l. ^ 

72. Simplify {( 3x® - 2x + 4)® - (2x® + x - 1 )®} -r(x® - 3a? + 6). 


REVISION EXERCISE R. 7‘ (Ch. XI-XIII) 

What is the L.C.M. of (i) a(6 +c), a(6 - c) ; (ii) a* +a» ib^bt 


Solve 


1 


31 

■3‘''7“2' 


Copy and fill in (i) x J (ii) = ^ ' ' • 




Simplify (ii) 


4. 

5. Write down the ^uare of 6 + 


1 

6 ’ 


6 . 

7. 

8 . 

9. 

, 10 . 

11 . 


Solve 


1 


3x + 9 X + 3 9 * 
Divide a® - a by a® - a. 

Simplify (i) a (ii) 


1 

3— 


4 ' 4-a?** 

What is a if X + 3 is a factor of x* +ax - 15 1 
bmde61*-4d^by 100. 

What is the L.CiM. of 4**, ix* - 4 ’ 

1 1 


12. Add 


46-40 *°3a-36' 
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13. What nttmber must be added to t* io make the rmltm 
perfect square 7 I , 


li Soly» J-^^+|=l. 
16. Simplify 


(ii) 




16. Write down the product of +6 axid 4®* - 6. 

17. Di^deff+5-2by^-i. ' 

16. €opya^dfiUm^= g^^^g^ . ^ 

19. What is the coefficient of ® in o®® + 6;?; - ® + 1 7 

20. (,) Sunplify^-^. (u) Solve 

21. What iscif®-4isa factor of ®* + 7® +c ? 

22. Simplify (i) (a -6)®-r(6 -a) ; (li) (® “ 2 /)®H-(.v -®)*. 

23. Factorise (3® - 6)(6® + 3) - 2(® + 4)(3® - 6). 

24. Ctopy and fiU in • 

25. Divide ®* -® 2 /* by ® +y. 


^26. Solve 




®}>+3'^p p+2* 


' / i\3 

27. What is the coefficient of ® in ( ® +- j - (o® + 1)* t 

28. Simplify (jnr2R^)~(y+2)(y +3)(y +i) - 

29. Divide (x» - 3x - 10)(»* + 3® - 10) l^v (** - 4)(»» - 261 


30. From 
^1. Solve 


1 

a® - a 
z+7 


swbtract 


1 

a* -a* 


z® - 2 - 6 2 * - 4z + 3 ’ 
32. Simplify (l -*)• «. 

^33. Ff ctorise p* +• i - 2. 

c * ^ 

34. S^plify i6-r(l 

I 1 ® +6 

^ 86. Smiplify^-^~ri‘ 
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86. IMvid0(**-»-2|[Jl6»-4a:*-7)by(2a!*+*-l), 

— ^ .• 8* l" 2 

38. What ia the coefficient ef f in (o^ + l)(t +6] 


a:*-i 


40. Divide • 


.-c, 3 • 2 3a5-i 

41. Solve 2 - 3* ~ 1 - 4a:~f2 - 3a;)( 1 - 4*) • 

42. If a? = 6 is one rbot of a;* - 14a; + c = 0, what is the other toot 
and the numerical value of c 7 

43. Is it possible for {x + 3)® to be equal to (a? + 2)* ? 

44. SimpUfy . 

45. Divide (4a -45)® by (2a -26)®. 

46. Make an equation having as rooi/S 2, 

47. Simplify (2* + 1 )(2x + 3“) (2iT 3K 2iT6) (2® + 6)(2» + 1)‘ 

48. ,Solve-^--=2('-4-s Im)- 

p-4 p \p4-2 J9+4/ ^ 

49. Factorise a;(a; - 1) - 2 /( 2 / - IJ. ^ % ’ 

50. What is the numerical value of‘c if xy ~3x -i-iy +c has 

factors # ^ 

51. What is the positive square root of 4n®^4n + l if n id a 
negative integer ? 

52. Simplify (7a; - • 36)*® - 49(a; - 5)®. 

53. What are the possible integral values %f 6 if 

a?® +6a; - 12=(a; +c)(a; +d) 

where c, d are integers ? ^ 

54. WTiat can you say about the valup of c if a;* + 6a;+c is 

positive fo 5 all values of a; 7 » 


55. For what value of x has 


when r = 4 ? 
^6. SiJqplify 


-V the same value as it has 
• 1 « . 


a;* - (y y' -{z-x)* z*-{x-y)* * 

(w + (a: + y)* - *• {y + *)* - «* ’ 


+ - (x+y)*-z* '' {y+z)>-x> 

57.Stopay {l+i+iiiTn}-{'+*+rh}- 
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4 

58i Solvo f + * = • 

5&. If X simplify . 

^ + JP • 

60. Simplify ^+gr^,. 


61. -SimpUfy (l -y)g-^). 


62. Simplify 


1 


6 


(x + l)(x-2) (i^+l)(a;'+4)(x-2) 

63* •?ind tl:|p speed of a train if an increas ^ of 6 miles an hoiSf 
lowers the tine for a journey of 72 fniles by 10 minutes. 

64. If (3a; -4 )( 2a: - 1) and (2a; - 3 )( 3a; -2) are consecutive even 
numbers, what numbers are they ? 

65. Can you <ind values of x and y such that ^/ = J(a;® -3) and 
a; -f 2/ = 6 ? 

66. For what value of x has the expression 

(x - l)(a; + 2) +3a;(a; + 3) 
the same value as it has when a; = 2 ? 


67. A man bought some chickens for £3 ; if he had got 6 more 
for the^same money, they would have cost Is. less each. How 
many md he buy ? 

68. Two rectangles are each 1 sq. ft. in area ; their lengths differ 
by 2 inches ^d their breadths by 1 inch. Find their lengths. 

A takes 16 days longer than B to do a piece of work, which 
both together can do in 15 days. How long would B require to 
do it alone ? 


REVISION EXERCISE R. 8 (Ch. XfV-XVJ 

‘ Qft 

1. Make t the subject of the formula, 4= . 

2. Make I the svAiject of the formula, A=lb-ll -2t)(& 

•3. li y = , find a; in terms of v. 

^ 1 +aa; 

• 4. Find correct to one place of decimals the roots of 
(i) a;a+6a;‘^10=0; Jii) Sa;® - 4a; - 6 =0. 

6. Construct the equation whose roots are ^ ^ 

^ (i) 4, -3 ; (ii) I, I ; (iii) 3+S/3, 3-^/S. 

6. Whqt can you say about the value of c if a;** - +CsbQ 

has^oots ? • , # 

7. What can you say about the valite of r if a:‘' + 3®+rs»0 
hfilB no roots ? 

8. Prove that (3a; -i/)J +(2a; -y)* - 2(3a; -y){2x - 3 /)sa;*. 
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Solve the following {^ultaneons equations : 

9., a; ^ 3 / =: 3, V - 22 1 1 =0, 2 -a? - 3y =20. 

10. a? +2i/ + 32 = 16, 3y -V -2 =4, 2 -2a; = 9. * ’ ; 

11. ^c* + 3a;y = 10, a? + 2 / =3.* 12. a;*+4y* = 17, 3a? -^2^ + 1=0. 

13.- a:* + =,12, y^-xy= 8. 14. a;* - y® = 33, a;®,- 2xy + 1 /® = 9. 

15. j(aj-t2)(i/-4)=60, (a; -2)(y + 6) =21. 

16. Draw on the same diagram the graphs of y =a;® and * 

/=2a?® + 3a;, from. a; = -2 to a? =3. ^What equat^on-in x can be 
solved from the graphs and what are its roots ? * • ' 

17. Solve graphically the siftiultaneous equations : 

* a; = Jg/®, 9a; -3y + 1 =0. 

Check by calculation. 

18. Factorise 9a;® - 4^/® + 36a; + 24y. 

19. Divide a® - 2a6 + 6® - c® by a - 6 + c. * 

20. Divide 2a;* + 3a;® - 13a:® - 2a; + 12 by a;* + 2a; - 4. 

21. Pick out the coefficients of a;* and in 

(3a;® - a;® - 5a; -2)(2a;* -4a;® +a; -3). 

22. Expand in ascending powers of*a; as far as a;®, 

(1 +a; + a;® +a;* +a;*)*. 

23. Complete the identity ^ ^ = 1 +a; + — H! . 

24. Find the quotient and remainder if a;* - a;® - 2» + 1 is diyided 

3ya; + l. • '\m 

25. Divide a-® +a; + 1 by a;® +a? + 1. » ® 

26. Solve a + 25 + 3c = 10, a - 6=5 -c, a +5+c=6. 

27. «olvea;(a:*-l)(a:-2)=(x-6)(a: + l)*. . 

28. Simplify 

29. Divide a* + 4a5» + 35* by o® - 2a5 + 36®. 

30. Simplify (1 - Ja; - Ja;®)® - (1 -a;). 

31. Solve 3u -v=^4v + 2w=w +u~l0, 

32. Solve lOxy = 6(2a; + 5y) =2(3a; + 4i/).» 

33 . Solt^e a?® + a;i/ + 42/® = 2a; - 21/ = 4. 

34w If find X and y in terms of a, b. Ce 

^x^xyy\ 

m 35. Solve a;® + 3a;y = '^2, xy - 2a;® = 3. 

36. For what value*of c is a; + 2 a factor of x* + ca? + 16 ^ , 
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BUPPISMENTABT EZl|tOim 
EXERCISE &. 1 

r f* 

Use of Letters (Chapter 1) 

1. What length of wire is obtained from n coils df wire, each 
containing I yards ? Answer (i) in yards, (ii) in miles.* 

2. The price of coal on Sept. 1 is 2s. per cwt. It increara by 
%> pence ^er c?^t, during the next month. What is the price in 
pence per cwt. on Oct. 1 ? 

3. ff I cycfle at v miles per hour, it takeS me n hours to get 
from my hou^e to the station : how far away is the station ?' 
What is the question and answer if e = 10 and n = i ? 

4. A ship starts with W tons of coal as fuel and uses n tons 
per day. How many tons are left after t days ? 

5. A clerk’s salary is £100 for th^ first year and increases by 
i/p each year. How ftiuch is it for the third year ? 

6. The houses in a row are numbered, 1, 2, 3, etc., up to N s 
each house has 4 windows in front. How many windows are 
there alpng the front of the row ? 

7. A gramophone costs £P ; n boys each contribute 2 shillings, 
but this 18 not enough. How many more shillings are required ? 

• jp. Taka.the number N ; divide it by 2 and multiply it by 3. 

9. A fxian walks from A to B/ see Fig. 201 ; how long does he 

iB * ‘ 

* smiles < — vpt.p.h. 

FIQ. 201. • 

I 

take T He stays 2 hours at B and then returns in a bus to A* 
Ho^ long is he away from A altogether ? 

^10. In a garden city there are N houses per acre. How many 
houses are there per *iq. mile ? [1 sq. mile =^640 acres.] How 

many acres are used for 1000 housos ? 

11. A man buys 100 cigarettes and smokes 7i cigaretles a day ; 

• how maliy are left after a week ? How Ipng will the h’mdr^ 

lastihim ? ^ < 

t B 

12. A man 6 feat high notices that his shadow is 3 feet long and 
thifit the shadow^ of a telegraph pole is I feet long. What is the 
height of the pole ? 
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13. Each step of A staircase is n inches high. How many steps 
do yap chmb to*g6t to she top of a tower 1^ feet high t 

14. What is the total l^^h of wire obtained froin m coils of 
wire each containing y yards ^hnd p coils of wire each bontaming 
z yards ? Answer (i) in yards, (ii) in miles. 

15. Tw^ clocks are put right at noon on Sunday ; one ^ains 
g seconds per day, the other loses I seconds per day. What is 
dilElereace oetween them one week later ? 

• «• # . 

16* At an entertainment N people buy one-shilling ticket and 
n people buy sixpenny tick^s. How much money is taken 
(i) in pence, (ii) in Ihillings ? « s . 

• I 

17. A boy eoes to bed at 10 p.m. and stays in t hours 
(2 <t < 12) ; what time does he get up ? 

18. A man buys R pairs of boots at 15 shillings^er pair and sells 
them at B shillings per pair. What is his profit ? 

19. A man pays Id. for Ais daily paper and 2d. for his Sunday 

g aper. How much (in shillings) does he pay for n weeks ? For 
ow long will 2P shillings pay for his newspapers, P being a whole 
number ? 


20. There are two exit doors from a hall. People f>ass out 
through one door at x per minute and through the other at y per 
minute. How many come out in 5 minutes ? How long does it 
take for N people to come out ? • 


V. 


EXERCISE S. i 


are 


S^bolic fetation and Construction of Formulae 
^ (Chapter II) 

1. A man buys n eggs at 2d. each ; 12 broken, the rest 
aold at 3d. each. What is his profit ? 

2. The sum of the ages of k children is p years. What wifi be 

the sum of their ages in 2 years' time ? • 

3. In Fig. 202 all the angles are 

right-angldi and the units lor the 
given diihensions are inches. Find 
the su|n of the lengths of all the lines 
in the figure. • , 

* 4. Tiie Moon was 8 days old on 
July 18, 1926. Write down a formula * 

for the age<i»f the Moon {x days) on the nth of July, 1926. what 
is the least value of n for ^^^ch your formula can oe used*? 



Fio. 202. 
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5. A j^iiotograph, see F^. 203, is mouAed on^a sheet of card- 
board, with a margin t in. wide ail the way found. * What is (i) the 



length Af the photograph, (ii) its height, (iii) Its area ? What is 
the area of^th^margin ? [Do not remove the brackets.] 


6. Each coach in a train is I feet long and the engine is e feet 
long. The tota> length of the train is s yards. How many 
coaches are there in the train ? 


7. What angle in Fig. 204 is eqiial*to 

(i) [180 - (a; + 2 /)] degrees ; (ii) (x +y) degrees ; 
(iii) [(x+y) -z] degrees ? 


f 




Express in degrees (i) Z.BACf 


* 9. The speed of the tijjs of the sails of a windmill and the 
velocity of the wind art? connected as follows : 

• c 


— — — — 

speed of tips in ft./rnin. 

t-’ ^ 

V 




Velocity of f/ind in ft. /min. - 

V % 

’400 

800 



• V 

What do you notice about the values of - in the giyen cases 7 

What is'fche probable formula connecting V and v 7 
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1^. In Fig. 206, BDlN and ADCM are rectangles ; the units for 
the given dimehsions ire inches. What is the aiea of (i) B0AN« 
(ii) A BDA, (iii) A ADC, (iv) A ABC, (v) BCMN ? • 



11. The units for .the dimensions shown in Fig. 2^7 are feet. 
What is the area of the figure ? 


12. A train, travelling on the level at v milesf per hour, can be 
pulled up by its brakes within 8 yards, where v, s are connected ^ 
as follows : • 



30 

36 

45 

54 

60 

s 

100 

144 

225 

324 

400 

■ 


What is the value of - in each case ? Suggest a probable 
s 

formula connecting s with v. • ^ 

13. A crate of iron plates is being loaded up for a«crane. 4 'Jh^ 
plates are all 5 ft. by 2 ft. and ^re made of sheet met%l wei^mg 
w lb. per sq. foot. Wliat is the weight 6f each plate 7 The crate 
weighs W lb. and there are 6 plates in it. What is the total 
weight 'liftcKi by*the crane ? 

14. If in No. 13 the chain of the crane is only strong enough to 
take a load of N cwt.,^vhat is the largest number of plates that 
may be safely placed in the crate ? 

15. If in Fig. 208, Z.ABC Is a right-angle, Pythagoras’ theorem 


A 



C in. B 

FlO. 208. 


^ates ihat a* + c®=-6“. If AC=(a;-fy) in. and BC=(a;-i/) in., 
express, without simpTifying, the length of AB in terms of x, 

16. Wh«(® is the sum of l-l-fl-l + l- F+... if you ta^e 
(i) 10 terms, (ii) 16 terms, (iii) n term^ 1 • 
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17. A spiral siting (see Fig. 209) when ufiuitretohed is a cm. lopg^ 
and the extension is k cm. for each gram velght 6f load it carries. 
Find in terms of a» 2, it. 



r 

18. A bath' holds V gallons; the cold water tap supplies e' 
gallons per minute, the hot water tap h gallons per minute ; the 
waste pipe allows w gallons per minute to run away. 

(i) If both taps are turned on, how many gallons flow in per 
minute ? How long will the bath take to fiU ? 


(ii) If the bath ^ full and the '«^aste pipe is 
opened, how long will the bath take to empty ? 

(iii) If both taps are turned on and the waste 
pipe is opened, what is the condition that eventually 
the bat][i overflows ? 

19 The driving wheel A (Fig. 210) has N teeth 
and is making R revolutions per minute ; the driven 
wheel B haa n teeth. If B is making r revs, per 
xx^jj , And the formula for r in terms of N, R, n. 

20. Th\j lamp B in Fig. 211 is raised 6 inches by 
pulling A, the counterpoise, o inches down. Find a 
formula connecting a and 6. i 



FlO. 211. 


^ 21. Draw another figure formed of straight lines like Fig. 212 (i), 
<ii) and (iii) ; number it (iv). Count up the number of vertices 



Fig. 212. 


<r 

the number of cofxnpartments C and the number of sides 8 for each 
figure dnd tabulate the ref^ults (see p. 279). 
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Can, you formula which expresses 8 in tei^ of V, C ? 

22. Take an ordinary closed box and count up the number*of its 
faces F, the number of its corners C, and the nmnber of its edges E« * 
Repeat this for other solids bounded by plane faces, e.gr. a tri- 
cmgular prism, a ti^an^ar pyramid, It solid L, andfbne oiher solid 
you select yourself, Tabulate^the results. • 



23. The prices of various sizes of vases of a certain design ara ^ 

shown in a trade catalogued follows : • 

Size .... 1 2 

Height in inches - 6 or 3x2 9 or 3x3 

Price in shillings - 2 or (3 x 1 - 1 ) 5 or (3 x^2 - 1) 

Size . • • • 3 4 

Height in inches • 12 or 3 x 4 15 or 3 x 5 

Price in shillings - 8 or (3 x 3 - 11 or (3 x 4 -1) 

The catalogue shows only those numbers put in thic^ type Unlike 
others are added to help you. • • • 

(i) What is the probable height of size 6, size 8, size N ? 

(ii) What is tlfe probable cost of size 5, size 8, size N 7 

24. With the data oOTo. 23, (i) find the probable height if the 
cost is 17s., 20s., P shillings ; (ii) find the probable size u the cost 
is 17s., 20s., P shillings. 


25. With the data of No. 23, (i) find the probable cost if .the 
height is 18 in., 30 in., h in. ; (ii) find the probable size if the height 
is 18 in., 30 in., h in. * 


26. Look at an ordinary ^ryant & May’s) match-box ; it 
consists cf a drawer which slides through a cover With two open 
ends. The open ends are w in. wide, h in. high, 
and the box is 2 in. Jong. Find the area of 
n)fitchwopd used to ma^lb (i) the cover, (ii) the 
drawer, (hi) the compjpte box. Notice that 
the cover is constructed with an overlap at 
one end (as i4iown in Fig. 2 1 3) to secure it, and a Fie. 218. 
that similarly one end of the drawer is Rouble. • 
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27. An ordinary horse, pulling a vehicjfc at v miles an hour, 
exerts a tractive force of P lb. weight where P, v 8^ coxmected as 
follows ; ' ' • 


< 

V 

2 

f 

3 

4 

6. 

p 

165 

110 

Hw 

00 

66 


Evaluate Pv in each case. Suggest a formula for expressing P 

* 22 Pv 

in terms of v. The “ Horse-Power ” of this horse is x ; how • 

16 66U 

much )' ,, this ? f, ^ 

28. A double-action lift and force pump of 1 H.P. can raise 
per hour G gallons of water from a well h feet*deep, where G, h are 
connected as follows : 


h 

880 

550 

360 

250 

220, 

Q 

225 

360 

* 550 

792 

900 


Can you find a formula for G in terms of h ? 

A man, by turning a crank, can raise 226 gallons per hour from 
a well 80 feet deep. What would you expect him to raise per hour 
from a well (i) 40 ft. deep, (ii) 100 ft. deep ? 


EXERCISE S. 3 
Use of Formulae (Chapter II) 

1. If a cricket ball is thrown at u ft. per sec., the greatest 
distance away of fhe point at which it strikes the ground, if level, 

is ft. What is the greatest distance, if a boy throws it with 
a velocity of 60 miles an hour ? 

The length of a degree of longitude at a place whose 
latitude is 1° is approximately ^^“( 20 ) What is* the 

length of a degree of longitude at Land’s End (latitude f50°) ? 

3. Wlien a railway cutting, h feet high, is faced with a brick 

wall,<€h 0 thickness of the wall at its base ifi t inches, wherej 4-.3 
2h ^ o 

if A < 18 and i=o -3 if ^>18. Find the thickness of the wall at 

L. O 

the base if the height is (i) 16 ft., (ii) 21 ft. ^ 

How tiTould you proceed |or a height of exactly 18 feet ? 
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4. An engineers* nolebook states that the number (n) of years’ 
life of an iron Bar sublnerged in water is given by the formula 

n=Aj. q' , where W is the weight in lb. per foot-len^h, 0 is the 

girth in’ feet, and the value of k depends on the nature of the water. 


• 

■ 

. Foul 

Clear 

9 

Foul 

Clear 


sea-water. 

sea-water. 

river- water. 

river-^ater. 

k 

6 ’ 

8 

• 7 

®80 

t 


Find the life of »bar, 2 feet in girth, weighing 60 lb. per foot- 
length, in the four cases enitmeraied. • 


5. Under a head of water, H feet, the velocity of flow is v ft. 
)er sec., where v = 8VH. "V^at is the velocity for a head of 
16 feet of water ? 


6. For road repairs, stones are often he^iped at the side along 
the road ; Fig. 214 shows the cross-section of the heap. If B 
bushels are required per yard-length of road, the value of I is given 
by i = 12J\/B. Find the slant edge of* the heap if 16 bushels are 
needed each yard-length of road. 



7. When the track of a railway is curved, <4)he outer rail is 
raised h inches above ^he inner rail, see Fig. 216, according to 


the formula. 


h = 


12dV2 

6R 


, where d ft. is the distance between the 


rails, R yards is the radius of the curve and V miles per hour is ^ the 
maximum speed allowed. Find h, if d = 4J, V =20, R = 1800;' and 
state in words exactly what the result means. 


8. Theaum of the first n integers, 1, 2, 3, 4, 5, ... is 4n(n + 1) 
Show that this is true when (i) n = 4, (ii) 7i = 7, (iii) ti = 10. 


j 

9. ?[f n of the mumbers, 3, 7, 11, 16, 19, 23, ... are written' 
d#wn, tbe last number 4s 4n - 1. Show that this is true when 
(i) n=6, (Ii) n = 9. e 

10. For hawser rope, C inches in circumfer^ce, the breaking 
load. B tons, and the w^orking load, tons, are given^ by the 
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formiilae, B . C‘ and W =iw . C*, where tlfe values of 6, w depend 

on the quality of the rope. » ‘ ♦ - 



Jlussian Hemp. 

Whita Manilla. 

Best Hemp. 

b 

0-2 

0-4 

,0-6 

W T 

0 04 

0 06 

0*1 


Tabulate the breaking lead and the working load for the 
qualities of rope enumerated, for girths of 1, 2, 4 inches. 

11. I^m the formula, a —ul + find t whjn ^ =4, w = 2, a — 0. 

12. For a windmill of sail-area A'sq. ft., when the wind is 
blowing at h ft. per sec., the Horse-Power developed is H, where 

Q 

H (0 Find the H.P. in a wind blowing at 10 ft. per sec., 

if the sail area is 60 sq. ft. (ii) What sail-area is needed to 
develop 1 H.P., in a wind blowing at 20 ft. per sec. ? 

13. Use the fact given in No. 8 to finS the sum of all the integers 
between 100 and 150. 

14. Use the fact given in No. 8 to find the sum of the first (p + 1) 
integers. Test your answer by putting p == 7. 

15. Use the fact given in No. 8 to find the sum of the first 2q 
integers . Test your answer by putting (/ = 4 . 

16. A set of numbers is written down so 
that i the ntb number in the set is n*-f-n. 

Wba/v are the first five numbers in the set ? 

• 

17. It can be proved that (a + 6) x (a - 6) 
equals o* - 6*. Use this fact to find the value 
of (i) 21 X 19, (ii) 22 x 18, (iii) 23 x 17. 

18. If a circle touches the sides of a triangle 
ABO, as in Fig. 216, it can be proved that 
AQ=AR=i(AB+AC-qC). 

(i) Find AQ if AB = 8 in., BC =7 in., CA =6 in. 

(ii) ‘ Write down a similar formula for the length of BP or BR. 

(iii) Find the length of BP for the special measurements given 

above. r 

19. If the diameter of a circle is dteet, its area may bb taken as 
1 Id* 

-Yj- sq. f@et. What is the area of the circular top of a table 
(i) of diamett/r 7 feet, (ii) of radius 7 feet \ ^ 

20. By Treasury regulations, the horse^wer H of a car is 
oalciilatecf by the formula, H = f rid®, where n is the munber of 
flinders and d inVihes is the internal diameter of eadii cylinder. 
Find the^iorse-power of (i) # 4-cylinder car, internal diameter of 
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aaoh cylinder 3 in., (iila O-cjdinder car, internal diaxnat^ of each 
cylinder in. * # 

21. How far can you ej!pect to see if you arerat^e of a 
tower, 96 feet above the ground, in level country ? (see p.J299» no. 5). 

22.. if r and e are two consecutive integers and If r<s, then 

- r* equals r Show that this is true (i) if r sw'S, (ii) if s = 12. 

23. If the square of (N - 1) is subtracted from the sqhare of 
(N + 1), the result is 4N. Choose any two values of N above 5 and 
verify the statem«it in these cases. :> 

24. If p and q are whole niwbers and if p <q, there are 9,- 1 -p 
whdle numbers between p ana%. Choose any two pairs of values 
of p and 9, differih^ by moje than 5, and verify the stateinent in 
these cases. 

25. One man A aftkr n years* service is paid £(200 + 16n) a year ; 
another mcui B after n years’ service is paid £(150 + 20n) a year. 
How much does each receive for his 3rd, his lOth, his 12th year 
of jservice ? What probably did each receive for the first year ? 

26. The height {h feet) ot a place above ^ea-level may be found 
by observing the temperature, T® Fahrenheit, at which water 
boils, and using the formula h =620(212 -T) +(212 -T)*, What 
is the height of a place where the temperature of boiling water 
is 200® F. ? 

EXERCISE S. 4 


Simple Problems (Chapter; III) 

1. Two milk cans together contain 50 pints of ihilk. ip>en 
2 pints are taken out of one, there remains in it half Pif wha« the 
otWr contains. How much was in the other ? 


2. !pig. 217 ahows the lengths in inches of 
the sides of a triangle. If the triangle is 
equilateral, find the values of a and x. Find 
also the perimeter. 

3. ABC is a triangle. Find if Z.A ^1 b 
= 26® and ^B-z.C = 10®. 

4. ABC is a triangle. Find Z.A if LA 
= fZ.B=JZ.C. 



5. In Fig. 218, O is the m^d point of AB and AP is one-fifth of 


4» I 1 1 1 

A P O B ^ 

• • FIQ. 218. ' 

Pb ; OP is 2 inches. Find AB. 

6 . A grocer buys some eggs at 2d. each ; he finds^ that^ona 
dozen are l^ad ; he sells the rest at 3d. each and makes 6s. profits 
How many ^d he buy ? • 
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7. If, in Fig. 217, the triangle is iaosc^es and if dnd a. 

8. In Fig. 219 all the comers are^rig^-angled, anft^e units 



FlO. 219. 


of the dimensions shown are inches. Find I, if the perimeter of 
the shaded area is ft. 

9. In Fig. 220, Z. A is half each of the other angles. Find Z.A. 




10. In Fig< 221, the direction OA is 2p degrees E. of N. ; it is 
•algo ft 3p +5) degrees E. of S. What is the direction of OA ? 

11. The sum of the a,ngles of an n-sidod polygon is (2n-4) 
right angles ; find the number of sides of a polygon, if each angle 
is 156°. 

12. If with surrmier time the Sun rises at t a.m. and sets at 
{t + 2) p.m., and if midday is 1 p.m., find^^. 

13. I bought 20 pencils for 3s. ; some cost IJd. each, the rest 
2Jd. each ; how rnan^ of the cheaper kind did I buy ? 

1^. A lead sheet, 6 ft. wide, of indefinite length, is bent to form 
a ^tter ; Fig. 222 represents its cross-section ; the base BC is 

Ai iD 

B C 

. ^ Fia. 222. 

2^ tmies each of the sides AB, CD. Find the area of t;Le cro^- 
section iij sq. inches. 

ft. In Fig. all the comers are ri^t-angled akd the units 
of the dimensions shown are inches, ^e area of the shaded 
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portion is 45 sq. inehelt By dividing this area into three rect- 
angles^ ^ e(|uationlin terms of I, and hence find the perimeter 
of the area, • • • . 

16. Fmd k if 3k minutes past five is the same time a§ Sk minutes 
to six. 

17. One t&nk contains 24 gallons of water and another contains 

6 gallons ;• equal quantities of water are pumped into each"* tcuik. 
How much has been added when one tank contains just tvdce as 
much as the other ? ^ ^ ' 

4 

* 18. How must a strip of lace 6 feet long be divided so that the 
length of one part is three-fiftlil of that of the other part ? 

19. If a shopkeeper sells a»hat for 14s., his profit is three times 
as much as his loss would be if he let it go in a sale for 8s. What 
did the hat cost the shopkeeper ? 

20. A man is 30 years old when his son is 4.^ In how many 
years’ time will the son be just half the age of his father ? 

21. If a boy’s weekly waj^s are raised half-a-crown, he receives 
for 5 weeks one shilling less ftian he used to get for 6 weeks. What 
are his new wages ? 

22. How can you share 12 shillingsL between two boys, so tiiat 
one gets half-a-crown more than twice what the other gets ? 


EXERCISE S. 5 

Expressions involving Fractions (Chapter <V) ^ , 

1. In Fig. 223, what fraction, is (i) the shaded area of the t6l!al 
area, (ii) the shaded area of the imshaded 
area ? 


5Ar In. 


« • 3v 

2. If; in No. x—~ f express (i) the 


jxin. 

mJmwM 


m 










FlQ. 223. 


perimeter of the total area in terms of 
y, (ii) the perimeter of the shaded area 
as a fraction of the perimeter of the 
total area. 

3. If I buy War Savings Certificates for 16s. now, I 
receive either £1 in 5 years’ time or 25s. in 10 years* time. If 1 
spend £P on certificates now, what shall 1 r^eive in 5 years’ time T 
If I wish to receive £A in 10 years* time, how mai^ certificates 
must I biSy now ? 


Simplify the foUoviin^ fractions : 


4. 






7 P 

51+ rr 


8 . 


01 


t 

0^- 


ft P P 

®Tr • 

9* “ + — 
(F76 + 0»* 
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10. A triun runs up an incline of 1 in e miles p^ hour, sea 
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Fig. 224 ; wbai vertical height in feet does ft rise ^r ^ond T 

11. The area of a rectangular field is 6p* yd. and its length 
is lOpg yd. What is its breadth 7 

12. In<an examination a* girl, who scores n marks, fails by 

k marks ; a boy passes with marks in hand. What did hd 
score 7 . * 

♦ • 2fi 

13. When the day is n hours lon^, the night is hours long. • 
What is the length of the night in hours and minutes 7 

14. A bicycle ?vheel revolves N times in 100 yards ; how many 
times does it revolve in N miles 7 


15. A brick is 3 in. wide, 2 in. deep, t in. long and is mfi^le of 
material weighing W 'oz. per cu. in. *What is its weight 7 

16. How many tins measuring internally 3 in. by 4 in. by 6 in. 
can be filled from a tank containing V cu. ft. of water 7 

17. How many cu. yd. of soil are removed 
when idaking a trench 2t ft. wide, 3^ ft. deep, 

ft. long 7 

18. In a square tii^ plate of side x in., a square 
‘hqlefof side*^ is pierced, see Fig. 226. What is the 

total length of the rims ? * 



Fio. 225. 


19. With the data of No. 18, find the area of the upper surface 

of the plate. ' • 

20. With the data of No. 18, if the plate is ? in. thick and 

weighs W oz. per cu. in., find its weight.* ® 

21. From a square plate of side 4t in., four squares each of 
side t in. are cut away, see Fig. 220. Find (i) the perimeter, 
(ii)''ihe area of the upper surface of the plate. 


r 2 

22. A sheet of paper is ^ mches thick ; how 
many sheets ^are there in a pile 6 idches high ? 

23. A, B, C are three parcels ; A and B together 
< weigh p*lb., B and C together weigh g lb., A and 

C together Weigh r lb. What is the total weight 
of A, B, C 7 

J^at<does A weigh by itself 7 


24. ]gy what liiUEft ~ be multiplied to give J 7 


4t — ^ 



c no. 226. 
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86. Simplify {i)a-r^ + Ja); (fi) (26)*-r(46)* ; (iii) (8c)»^(4c)» 

26. - INmA the value St — - 1 depmid on the value ofJ t ^ 

27. ’Fill in the blank in the lelation ^=r~SL- , • * 

a* 

26. If a man IneeB r per cent, of his money, wh&t fraction of it 
has he' left ? 

29. A tank hoi& N gallons ; it is filled hy two pipes, one 

delivers x gallons' in p minutes, th6 other delivers y gallons in 
•g minutes. How many gallons enter the tank per minute ?• Write 
down an expression for the tfrue taken to fill th^ tank, if both 
pipes are used. • ^ 

30. One tap fills a bath in x minutes and a sec6nd»tap fills it 

in y minutes. What fraction of the bath is filled m l minute, 
when both taps are running ? Write down an expression for the 
least time taken to fill the bath. * 


31. The duty on a picture is two -fifths of its value. What 

is the value if the duty is £(50P) ? » 

32. After selling two-fifths of his sheep, a farmer has n sheep 
left. How many did he sell ? 

33. The area of the curved surface of the closed circular cylinder 
in Fig, 227 is ndh sq. in. Express the area of the curveft surface 
as a fraction of the area of the total surface, 

if h — \\d, [The area of a circle of radius r in. 
is nr^ sq, in.] 

34. After each stroke of an air exhaust-pump, 

n * • 

- of the air in the vessel before the stroke 
V 

remain% What fraction remains after 3 strokes ? 

I I 

35. The length of ajrectangle is -th of the 

perimeter. What fraction is the breadth of 8bhe Fio, 227. 
perimeter ? * 

36. Instantaneous photographs are taken of a revolving 
circular wheel for a cinematograph, 20 snapshots being tak^n 
each second. The wheel has six equal and equally spaced spokes 
and is making n revolutions ppi* second. Find the condition that 
the wheel Should appear on the film to be at rest. , 

37. N ou. in. of copper is drawn out into a wire of crogs-section 

sq. in. What iS tl^ length of wire obtained ? ^ • 

38. A {>ox has a sqfiare base and no lid. If the base-area k 

two -third oi the total external area, what fraction is the height 
^ the box m its width ? ^ 
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39. A recdangi:dar enclosure is dividefl 
fence, as shown in Fig. 228. What iS|^ 

the , value of ^ ? What is the ratid of 

the areas*^of the two parts ? 

40. A man starts from a boat-house B 

and rows downstream; he takes ^ minutes ^ 

to row 4 miles, he then turns and takes Fio.*228. 

4^ minutes to get back to B. How far 

from B is he«(i) at a timb 2t minutes after leaving B, (ii) at 
half-time ? 

EXERCISE S. 6 

Expressions involving Brackets (Chapter VI) 

1. If 20 lb. ^of coffee cost £1. 16s., how much coffee can be 
bought for (i) £P, (ii) £(p +g) ? 

2. If 30 lb. of tea cost £3. 10s., how much tea can be bought 
for £x. ys. ? 

3. If p<g, express the result of subtracting £p. qs, from 
£g. pa. (i) in shillings, (ii) in the form £x. ys. 

4. A town has provisions for N people for t days. How long 
should these provisions last if there wore (i) 2N people, (ii) n people, 
(iii) (N -hn) people ? 

5. Find the area of the end wall of the building, shown in 
Fig. 229. Express this in terms of 

^ 5x 

af z — Zx and y = r . 

4 { 

6. Two rectangular fields are 

the same shape ; one is I yd. long 
and b yd. broad,* the other is ^^d. 
long. What is its width ? Wnat 
is the perimeter of the second 
field ? What is the^yatio of their no. 229 . 

areas ? 

,7. How many coins each weighing | oz. can be made from 
l{w + 3) lb. of metal ? 

8. Represent in bj'acket form the area between two concentric 
circles, see Fig. 231, whose radii aoe (R +r) in. and (R^r) in. 

9. What' is the perimeter of the ring-shaped area ir No. 8 ? 

^ 10. A» salesman deducts 5(p + ^) per cent, of the marked price 

of ^ artici© for cash. How much in thf £ is this ? 

11. An n-sided figure has Jn(n-3) diagonals. 
statement for a hexagon (6 sides). 

Find by inspection the number of sides of a polygon which haa 
27 diagonals. 

c 



into twq.^rts by a 
• 4 
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. 13< yse l^e deta fC^ 'No. 11 to writ© down the number of 
a'pofyl^cii which has (i) 2N sides, (ii) 3p aides, 
(iii) (k -}lqKdes» (iv) (n + l)-sid©s. ^ ; 

13. Atrain I yd. long, see Fig. 230, is running at v njiles an hour. 

^ yd* 


syd, 

' Fig. 230- . 

How long does it take to pass completely a platform 8 yd. long V 

1^. On a railwajj, the telegraph poles are placed d feet apart. 
.A passenger observes that he passes n poles per minute. What ia 
the speed of the train in miles per hour ? 

How much faster must the train travel to pass (n + 1 ) poles 
per minute ? ^ 

15. It requires n turns of the handle to wind up a bucket from 
a well in which the water level is ?i ft. below the surface. How 
many turns are needed if the water sinks d^ft. ? 

16. Fig. 231 represents the cross-section of a 
glass tube, internal radius r in., external radius 
R in. ; the tube is I in. long. How many cu. in. 
of glass are there ? 

17. How many times can a cylindrical glass, 

radius r in., height h in., be filled from a 
cylindrical jug, radius R in., height (h+nh) in. ? > 231. 

The data refer to internal measurements. ^ 

18. How many even numbers are there less than n, if n ia ar 
odd number ? 

19. Find the atrea of Fig. 232. 



20. The wheel of a cej is d ft. in diameter and is making r revolu- 
tions per second. Find the speed of the car in miles per hour.'^ 
What is tSle new speed if the number of revol\:^ions is increased 
by 8 revolutions per second ? ^ 

n.ct. A. H . . ^ 
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5J. Find^ and y if th^ are whole nuii^ijpm auch 

(7+i)>'y><«*=24. 

22. Fig. 233 represents a rectangular plate from which two 
semicircles, each of radius r in., have been reint^^ed. ** Find (i) its 
surface area, (ii) its perimeter. £ , 


t 

1 




Fig. 23^^. 


• b in.- 



Fig. 234. 


23. In Fig. 234, A, B are the centres of two circles whose 
diameters are (D -d)m. and (D +d) ifi. respectively ; the distance 
between the centres is s in. ; find the lengths of LM and PQ. 

24. If the values of the expression Jn(n + l)(n+2) are calcu- 
lated for n = 1, 2, 3, 4, 5, 6, ..., 900, how many of these values are 
odd nuftibers ? 


25. A boy had to solve the equation, 12a: - 24 =:9x - 18. He 
worked as follows 4(3a: - 6) =3(3a: - 6) ; divide each side by 

< 3a: - 6 ; / #=3. \^at is wrong with his argument ? You are 
not asked to give the correct working. 

' f f 

26. A sheet of paper,' shaped as in Fig. 236, can be folded to 
form a closed circular cylinder of height h in. and base-radius r in. 
What are the dimensions of this figure and what is its toiaJ area ? 



2r. Fig.^236 represents a sector of circle. What is (i) the 

perimeter, (ii) the area of the figure ? ^ ' 

^8. T^e secto^ in Fig. 236 is folded to form the curved surface 
of a circular cone. What is the radius of the base ox the cone ? 
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,, 29* The tmits ^ th^iiiimeasions in Fig. 237 are inches. Find 

30. the data of No. 29, if Fig. 237 represents a metol plate 

of thickness ^ in.* and if the metal weighs 8 oz. per tm. in., 6nd 
the weight hf the|?t^te. 

-< 2S — V 


FlQ. 238. 

31. Fig. 238 is formed by 4 semicircles ; AB = 2p in., BC =2g in., 
CD ^ 2« in. Find the total length of the curved boundary. 

32. With the data of No. 31, find in bracket form the area 
enclosed by the curve. 

33. The peak B of a mountain lies between two other peaks A, C 
in the same vertical plane, and their heights above seajevel are 
respectively b, a, c feet. If C is just visible from A, the distance 
of C from A is appr6ximately {\/[J(a -6)] + x/[j|(c-6)]} miles. 
What is the distance of C from A u the l^ights'of A, B, C are 
12,200 ft., 11,600 ft., 12,950 ft. respectively, andT ^f C is just, 

visible from A ? ^ • 

, * * 



Pia, 237. 



EXERCISE S. 7 

• *!Problems involving one Unknown (Chajpter VIII) 


1. Fig. 239 gives tha lengths of the sides of a triangle in inches. 
If the triangle is isosceles, find its perimeter. 

Is there more than one answer ? • 

2. A first-class ticket from Winchester to 
Dorchester is two-thirds as much again as a ^ 
third-class ticket. The cost of 8 first-claas and 
20 third-class tickets is £15. jVhat is the 6ost 
of each kidd ? 



3. How much tea at 2s. 6d. per lb. must be • 

mixed*with 12 lb. o&tea at Is. lOd. per lb., so that^he mixturd 
may be ?vorth 2s. 3d. pA* lb. ? ® 

4. What is the nunfber which when added both to thenum^- 

tor and dew>minator of the fraction ^ mak^ a new fraetioo 
whose value is ^ ? # 
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6. A liag, see Fig. 240, is made by a^foging a cdk>ured omm 
symmetrically on a white rectangular .A60D ; 19 

the width of each arm is 3 ft., and the, area of the crosiMPcL^ 
areaV)f ABCD. Find BC. 



Tig. 240. * Fig. 241. 


6. Since the tangents from a point to a circle are equal, it 
follows that in l^g. 241, AQ =AR, BR =BP, CP =CQ. If AC =4 in., 
AB =5 in., BC =7 in., AQ =x in., find x. 

7. In 1928, the fares shown on the meter of a London taxi 
were exact multiples of 3d. The legal fare was the fare shown on 
the meter, less 25 per cent., fractions of a penny in this reduced 
fare counting as one penny. What was the fare shown on the 
meter when the legal fare was Is. 9d. ? 

8. Ffeid v if V miles per hour is twice as fast as (v - 2) feet per 
second. 

9. What must be^a man’s income if he has £450 a year left, 
. after paying tax at the rate of 48. in the £ on the part of it above 

£k^0 ? ^ 

10. A slow train passes a level crossing travelling 24 m.p.h. ; 
ten minutes later, an express travelling 60 m.p.h. passes the 
crossing in the same direction. How far from' the crossing will 
the first train betovertaken ? 


11. What integral value of N makes 3^ - 1 greater than N +5, 

and also makes 4N less than N + 7 ? 

# 

12. Express the area of the trapezium in Fig. 242 in terms of A, 
if 0ti = 26 = 3A. 


* 13. A man has £a in one bank and £6 
in another. He has £« more to deposit. 
How must he share this money to itiake 
the two accounts equal ? What can 
you say ebout c, if this is impossible ? 



14 A m4h has £100 and invests it at ^ 

4 per cent, simple interest ; another man Pio. 242, o 

m)i;ests <£80 at 6 per cent, simple * 

interest. If neither spends the interest, when wi]Jl they hav6 
equal amounts 7 


A* 
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15^ Whaift is t];i<&ii^i^y;l6i:>etween the hands of a clock at 4 o'clock t 
What angle hSi^-ljhe hour hand turned through, w^hen the 
minute IHmd has turned through x°, and 
what the angle between the hands at 
this time, see Fig. 243 ? What is » if the 
hand^ are now ai right angles ? 

Find also at w|iiat time the hands are at 
right angfes 4.30 and 5 o’clock. 

16. What can ybu say about the.value 

*of p if ^—4 lies between | and i ? 

^ + o ® ^ 

17. The nth rihmber ip the set of 
‘ numbers 3, 7, 11, 16, 19, is 4n - 1. Prove 

that this is true for the first four numbers. 

Does 299 belong to the set ? If so, where does it come ? 

18. A man, who died recently, lived twice aS long before the 
War [1914-1918] as after it. If the War had taken place 16 years 
earlier and lasted the samcktime, he would have lived three times 
as long after the War as before it, assuming he attained the same 
age. When did he die ? 



19. Two tanks, see Fig. 244, have horizontal bases, 4 ft. square 
and 3 ft. square ; they are connected by a pipe controlled by a 
tap. Wlien the tap is closed, the level in the larged tank is 
2i ft. above that in the smaller tank. How much does the level 
in the larger tank fall, when the tap is opened ? 

20. A man pays 4s. in the £ income tax on tlT^part of his* 
income above £160. Next year, with the same income, he Jjays 
4s. 6d. in the £ on the part abo^e £120.* His tax is £20 more the 
second year than the first. What is his income ? 



21, In Fig, 246, if AP bijects Z. BAG, •then Given 

that BC~a in., CA=6 in., AB=c in., BP=a: in., Write down an 
equation for x. ^ 

Find X if a = 8, b =i5, c =7, • 

• ^ DQ • DA 

*22. Ift,Fig, 246, if AQ bisects Z.BAC externally, then 

Given that BC —a in., CA =6 in., AB =c in., BQ =3/ in., write d<fwn 
an eq^tioif for 3/. Find y if a = 8, 6 = 7, c = dj and ex^ain the 
meaning of the answer. • ^ * 
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23. Zn Fig. 246, expieee X in terms of 0^ ^ 

24. A certain sum of money is su^cient to pay for 

20 days or B’s wages for 30 days. For how long will iti^ce to 
pay A and B, if both are at work ? T 

25. A string^/ in. long is attached to the ends 6, C of a rod BC, 
p in. long, which is loaded at C, do that when tl^e string is slung 



over a small peg A, the rod BC hangs vertically, see Fig. 247. 
The straight portions of the string may be regarded as vertical. 
Find the depth below A of (i) B, (li) the mid point of BC. 

26. Two men A, B have the same income. A saves one-fifth 
of his income ; B spends £300 a year more than A 
spends. In ^ yearsv' B spends £300 more than he 
'•receives. \Vhat is B’s income ? 

4 

2/. Tht lamp L in IJig. 248*can be lowered by 
raising the counterpoise C. Initially L is p inches 
above C. HOw far must C bo raised so that ip its 
new position C is q inches above L ? 

28. A man buys 1 lb. of his ordinary tobacco and 
tenders a £1 note. After examining his change, he 
says it is 25 per cental short. The tobacconist replies 
that the change is correct, because the price of the tobacco has 
risdkc: 6J per cent. What is the new price per lb. ? 



Fig. 248 . 


exebcis£ S. 8 

Broblems involving Two Unknowns (Chapter IX) ^ 
K APQB is a straight line, and PQ =€! inches. If 
. AQ 3 , AP U 

'■ QB~2 Pb“2’ , 

€nd the* lengths of AP and^QB. 
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of the Bides of a paralidbgram in 


7-8] 

i. Fiftv 249 giv^ 

inchOEU pelifi^ter. 

3, ^ payings and 9 half-crowns have 
the sam^yalue ae (9 - 1) shillings and 
(p - 2) half-crowns. If this value is £3, 
find 'and 

4. Fill tin tl^^kussing numbiers, 
indicated by ?, in following solution 

ult£ 


— " r " 




r 

Via. 24 d. 


of two simultaneous equations. All tl^ 
missing numbers are positive integers. '* • 

7x-hl3y = ? (i)f 4x+25^/ = ? ....y (ii). 

From (i), ? x + ?^ = 360 ; ^from (ii), 12a; -H 7 y = ?. ^ 

Subtract, -23y=-138; y = ?anda;=?.* • 

5, Find x and p in Fig. 250, the angles being measured in 


6. If A gives two-thirds of the money 
he has to B, then B will ha^e 3^ times as 
much as A. If B gives 9 shillings to A, 
then A will have 2J times as much as B, 

How much have they between them 7 ^ 

7. ABCD is a cyclic quadrilateral ; 

Z.A=p degrees, LB-2p degrees, lC = 

(n + 40) degrees, Z. D = i(n +p) degrees. 

Find n and p. 

8. The resistance R lb, to a train of 
weight 100 tons running at V miles an 
hour is given by the formula R =» + 6V*, \|^here a, 6 are indepencfent 
of the speed. At 20 m.p.h., the resistance is 960 lb., at 50 m.p.h., 
it is 2850 lb. Fipd the resistance at 30 m.p.h. 

9. In Fig. 251, AB =AC and BD bisects Z. ABC«; the angles are 
all measured in degrees ^ find x and y, 

10. The incomes of two men are 
in the ratio 5:3; their expenditures 
are in the ratio 9 : 5. Plach saves 

£30 a year. Find their incomes. 

11. A number of two digits is 5"^ C ^ 

equal to 7 times the sum of its digits. • 251. 

Prove that tlie number formed by .... 

reversin^^the digits is equal to 4 times the sum of its digits. 

12. A man can rqw u miles per hour in still water? to roTW 

lypstreapi from A to B takes him three times as long asl/O rowflback 
from B to A. The stream runs at v miles per hour. Find v io 
terms of w. • ^ 

13. If u ={n 1)/ and v =^1 +*^/f find/ inarms of jj, v. 
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14. In Fig. 262, AC=AB=BD and s=f^4.BAC^ Find » 

15. The tickets for a concert cost ^ A 

2s. 6d. anc^ Is. ; tickets to the value ^ 
of £24 were sold. If 26 per cent, 
more shilling tickets and 25 percent, 
less h^lf-crown tickets had been 
sold, th^ receipts would have been 
£26. How many tickets of each . Fig* 252. 

kind were sold ?, 

16. Two angles of a triangle are A°, B® ; two angles of another* 

triangle are (A r-2B) degrees and (6 4-70) degrees. The triangles 
are eqdiangular. Find their angles. Is there more than one . 
answer ? ^ 

17. ABCD is a chain, 5 ft. long, hanging over a beam, 8 inches 
wide, see Fig. 253. The chain will slip if one-quarter of the 
difference of the lengths of the two vertical portions is greater 
than the length of the horizontal portion. What is the greatest 
possible length of CD, if the chain does not slip ? 

18. A man’s age in 1887 a.d. was equal to the sum of the 
digits of the year “ \%xy ” a.d. in which he was bom. Find one 
equation between x and y. Hence find the year in which he must 
have been bom. 




Fig. 253.^ Fig. 254. 


19. Find X and y ^n Fig. 254, the angles being measured in 
degrees. ^ 

2(\, A thick hollow cylinder, inside radius 4 in., outside radius 
10 in., is subjected to a high fluid pressure internally. ’ The radial 
cofnpressive stress, p tons per sq. in., and the hoop tensile stress, 
1 b b 

q tons per sq. in., at any point are giv^n by p - a ando^ +a, 

where r in. is the distance of the point from the axis, and a, 6 are 
constants If the radial compressive stress is 5 tons per sq.dn. at 
the iiiner sui face and is zero at the outer^ulface, find the hoop 
tensile stress at the outer surface. ' 

2J, There is a steady wind blowing from the North. An 
aeroplane A flying ,due North passes a stationary captivj balloon B, 
and, after travelling 5 miles, passes a balloon C drifting with the 
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wjtiid. After an^iher llH^minutes, A tuma back and arrives at B 
at the Sfme moihisittit C does. If A flies at its maximum speed 
throiighj^t find the veloci^ of the wind. • . 

22. .A race-course has the s^ape of a rectangle with s^icircular 
ends, see Fig. 255 ; the width A6 is 2y yards and tUe maximum 
length CD ie 2^;. yards. Express the length of one^lap in terms of 
a?, y, n. If re = 3^ and if one lap • < 

is i mile, find 2/. fTake;r=^.] ^ 


23. The velocity of flow in a 
full pipe of diameter d inches, laid 
on a slope, is v ft. per sec., whgre 

v=i — a and* 6 being con- 
\+h^d 

stants for a given fall. On a slope 
of 1 in 100, the velocity is 1C ft. per sec. for a diameter of 16 
inches, and is 2*9 ft. per sec. for a diameter of 3 ft. Find the 
values of o, h to two significant figures, for this slope. What 
should be the velocity for a pipe of diameter 25 inches, laid on 
the same slope ? • ^ 

24. If one side of a triangle is three times another side, prove 
that the ratio of the shortest side to the perimeter lies between 
J and J. 



EXERCISE S. 9 

Miscellaneous Equations (Chap^r IX) 

1. Solve 3a; + 5 =8i/ +4 =7r -Ty “ 1. • ^ 

2. Solve 0- 3a; -7i/ -5=2/ -1C + 3. , • • 

3. and ^ -f r = 1, what is the value of pq when r =2 ? 

4. •Sl)lve w + = 2w + 6t' -2v -2. 

5. Solve 2(a + 6 + 2) = 3(2o - 36 +3) =G{a-b)* 

6. If 2P + 3Q = 9 ank 3P + 2Q = 16, find the value of 3P - 2Q. 

7. Find two numbers a;, y satisfying th# relation 7a; -2y =38, 

if one of them is three times the other. ^ 

8. If 3r-f45= -119 and or -11s = 102, prove that r=s.* ^ 

9. If a +6 = 9 and a; = 3a + 76, express ^a; in terms of a only. 

10. Solv# 3(7a; - 19) - 2(112/ 21) =4, 5(7a? - 19) - 3(112/ -21) =7. 

11. Soivoi+y = 16+-y=7. 

SO X 

•12. Solve l+l=20.j-l=8. 

13.Solve<?+l=6.i + ?=7. 
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f; 




14. Solve «* +2^ = 10, 2a7* + 7y = II. 

15. Solve 7>® + 2g® = 17, = 6. 

f 16. • Solve 23C!y -Zy= - 14, Zxy - 8^ == - 6. 

17. Solve pg 4- 13^> = 19, llj» = 67. 

18. Solve W(r; - 2) = 10, W(« - H) ISJ. 

19. If a?(l “2/)=y(l -2) = 1^ prove that 2(1 -^a?) = l. . 

20. If a?(a-6)=2/* y(a+6)=a;*, expreae (a+6)(a-6) in 

terms of a; y. •• ♦ 

a?4‘y_5 a; +y x -y_,l 


21. Solve 

22. Solve 


a?-*/ 3’ 16 


12 “■ 4 ’ 


an 


■ 2 / ^- 2 / 1 « 
j — = i, — g j— =-6. 


23. Solve ^..?£±|±2 + 1, 3L^3=2^±|jJ . i. 


24. Solve a; +2y = 8, y +22 = 13, 2 +2^ = 9. 

25. Solvea? + y + 2 =ii, 2a; -y +2=0, 4a; +y +22=6. 

26. If a; + 3y + 72 = 14 and a; + 4y + 102 = 17, find the numerical 
value of X + y + 2 . 

27. Solve P(1 -2c) =27, P(7+c)=9. 

28. If 2a - 6 =4 and a + 25 =9, prove that 8a + 6 = 30- 

29. If y=aa;(x + l)+6 and if y = l when x = - 2 and if y=21 
when X = 3, find the vAlue of y when x =2. 

*• I 

iO. If ~Ta+T=6H — =c+ j=2, gnd the numerical value of abed, 
a 0 c * a 


EXERCISE S. 10 ^ • 

« 

Graphical Examples (Chapter X) 

1. Without making a table of values, sketch on plain paper the 
graphs of the following functions : 

*<i) 2x ; (ii) 2x + l; (hi) 4x ; , (iv) 10 -x; 

* 24 . 

(v) 10 -2x; (vi) 3x2 : -x* ; (vhi) -g* . 

2. Draw w.^'th the same scale and axes the graphs of*^ 2 { = 6 - 
and y =2 + Jx for values of x from -2 to 6. 

«• Wmt ^re the coordinates of the point of intersection ef the 
graphs ? What does this give ? • 

3. A marble, projected down a gentle ^ope, travels s feet in 
t seconds, •where a = \t(t + 10). Represent this relation ^aphically 
for values of t from 0 to 6. How long does the maiwle take to 
travel S^feet ? 
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4. Draw the ef y = i(a: - 3)(a; -f 1) from a; = - 3 to a? = 6. 
For wtot valued of a? ia (a; - 3)(a? 4- 1) negative ? For wh§t values 
of a; is |fa? - 3)(a7 + 1) equalVo 1 ? 

5. • a man is A feet aboveBSea-level, the distance Qf the horizon 


is about 


V(f) 


miles. 


Bepreeent this function graphically. 

Make a table of values by taking JipO, 6, 24, 64, 96, 121 *6, 160. 
What is the object in choosing thesd'values for h ? Find from the 
graph the height at which the distcyjice of 
the horizon is 10 miles. 


6. In Fig. 256, ABCD is a square of side 
10 in. ; there areeequal squares, sides AP 
and BQ, at the comers. If /fP —x in., write 
down an expression for the unshaded area, 
in terms of x. By drawing a graph, for 
values of x from 0 to 5, find the value of x 
for which this area is greatest. 

* 7. When a rod 10 in. )png, pivoted at 
one end, swings like a pendulum, the* 
tendency to break at a point, h in. below 
the pivot, is measured by the expression A(10-/i)*. Represent 
this function graphically for values of h from 0 to 10, and find 
where the rod is most likely to break. • 



Fio. 256. 


6. Which of the following points lie on the line, 5a; +3^=62 : 
A, ( - 1, 19) ; B, (8, 4) ; C, (4, 8) ; D, (5, 9) ; E, (l6'4, 0) ; 
F, (14, -6); G, (-3, 22)? • 

9. In Fig. 257, the equation of the line EF is*5y =3a; +J6! 
(i) What is OE ? (ii) What is QF ? (iii) If OM =2 units, whftit is 
MP ? (iv) If MP~6 units, what is OM*? (v) If ON = - 7 units, 
what is NQ ? (vi) If NQ = - 3 units, what is ON ? 

. A » 




10. In Fig. 268, the equation of the line AB is 4a; + 3y ~ 12. • 

(i) Wha^ is OA ? (ii) What is OB ? (iii) If 0M =2 units, w^t 
U 9 MP ? (iv) If MP = 1 unit, what i%OM ? (v) If OK = 6 units, 
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what is KR T (vi) If KR = - 2 unite, wlj^ is 0|!C t (vii) if ON 
= - 2 units, what is NQ ? (viii) If N<^= 6^^ts, what ? 

11. '- Draw a graph to show the amount of tax paid on ^cornea 
up to £800;' according to the following rules : (i) no tax on the first 
£135 ; (ii) tax at the rate of 2s. in the £ on the next £225 ; (iii) tax 
at the rate of 4s. in the £ on rest. 

Find from the graph the if the income is £340, £460; £710. 
Find the income if the tax is £64. 10s. What functions does the 
graph represent ? 

12. The function bx + c, where b and c are constants, is equal to 1 * 
when x — 3 and is equal to 15 wheC a; = 10. Find the value of x 
for whirfh bx+d is zero. Find the value of thj function when x 
is zero. 

13. A train running at v m.p.h. can be stopped in a distance of 
a yards, where a and v are related as follows : 


V 

25 

30 

40 

45 

60 

a 

75 

« 105 

180 

225 

390 

I 


Show that these values satisfy a relation of the form ~ =6v +c, 

where 6, p are constants. Find the values of 6, c and the distance 
in which a train running at 50 m.p.h. can bo stopped. 


14. In Fig. 259, ABCD is a rectangle ; AB = 10 in., BC = 8 in. ; 
if AP =A8 =CQ =CR =jl* in., find in terms of x the area of each of the 
four triangles at the corners. [Do not remove the brackets.] 
■Wli^ function of x represents ^le sura of the areas of these 
triangles ? ' Represent it by a graph for 
values of x from 0 to 8. Hence find the 
maximmn area of PQRS. 


a:* +4 


for 


15. Draw the graph of y ^ 
values of x from 0 to 4. What is the 
least positive value of — ■ , ? For what 


valu^ of X is 


x^ + 4. * + l 



x + l 


equal to 3 ? 


Fig. 259. 


16. Draw on tlie si\me diagram the graphs of y^x^ and 
y =2a?* + 3a? for values of a? from - ST to 3. What are the coordi- 
nates of the points at which the graphs intersect ? What values 
of X satis^ the equation, a?* = 2a?* + 3a? ? 

Solve Nos^ 17-19 graphically. 

17. ^ A goods train starts from A at 11. bo a.m. and travels at 
20 m.p.h. j it stops for 15 minutes at B, 10 i^iiles from A, and then 
proceeds *at 20 mm.h. A passenger train on a sepgrrate track 
leaves A at 12.10 ^m. and travels at 40 m.p.h. and does not atop 
at B. Where and when do^the trains pass ? 
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15. A nm starts frfm A at 10 a.m. to walk to B, 12 miles ofi, 

at 4 Alter } Qour he meets a bus comiiig from B to A, 

where itiwaits 10 minutes e|id then returns to B. The bus travels 
at 10 m.p.h. When and where does the bus pass the man 6n its • 
return -ioumey ? * * 

19. ' A cjiolisb starts at 10 a.m. ^ ride to a place 8 miles away, 
riding j9.t 12 miles an hour till he a pimcture. 'After spysuding 
10 minutdfe in trying to repair it, h^;^^9cides to walk the rest of the • 
way. Walking at 4 m.p.h., he reaches his destination at 11.15 
a.m. How far had he ridden when tlie puncture ofJcuri;pd- ? 

20. The legs of a compasi are each 5 cm. long. Find 
measurement the (hstances between their points when the angles 

. between the legs are 40°, 60^*, 80°, 120°, 140°, 160°. Represent • 
graphically the relation between the distance eftid athe angle. 
[The graph is called a sine-curve.] Can you use the graph to 
solve the following problem : the string of a kite is 60 metres long 
and makes an angle of 67° with the ground ; What is the height 
of the kite ? 

EXERCISE S. 11 ' 

Factors and Products (Chapter XI) 

Factorise, where possible^ the following expressions ; ^ 

1. 4a® -4a. 2. 46® -4. 3. 2c-c®-l. 

4. 3/®-9. 5. xy -2x-\-^y -Q, ^ 6. a(x + c)^h{x+d)^ 

h2 • , 

7. 2a® 8. ^x^ +bx + iax +ab, 9, 7a?* - IO3/®. 

10. a;* -fa; + 6. 11. a;® -fa; -6. 12. xy -x -y + 1, 

13.^ (J^® “2/ - li6. 14. 16y®-fy-6. 15. o(6-fc)-6-c. 

16. *6(a® -6®) +5ab. 17. 1 +26 - 156®. 18.*a;(s^ -2) -(2/+2). 

19. 6a;® -11a; -10. 20. 12 -19a -18a®. 21. 17a6 - 4a® -46®. 

22. 9(a; + l)®-12(a; + l)+4. i 

23. <p - q){p - 2q) - (2q - 2p)(2p - q), ^ 

24. 2 - 3a; - 2a;* - {2x - l)(3a; - 4). 25. a;®(a; - 1) - 4(a; - 1).* . 

26. a®(6 - c) - a(6® - c*). 27. gt^ - 16^ - 14. 

28. l-«(l-2*) + 3(l-2*)(l-3*). 29. 4o»-a>. . 

30. W* - 4y® - 3a; + 32/. 31 . (a; + 2y)® - 6(a;^+ 2y) + 0. 

32. ’‘3a;*(a; - 1) - 4(A* - 1). 33. o* - 4(6 - cj*. ^ ^ 

* 34. (S>»+ac - 6® +c*.^ 35. (9a; - 62/)(a - 26) + (46 - 2a)(3a; - Syjf 

36. 2(a+J>)* + 3a(a+6)-2o». 37. 18a® + 19a6 - f26*. • ' 

38. a*a;® +2a6a; +6® -c*. 39. a;® +!Jaa; -c® - 2®c. 
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40. -4y* -4a! + 4. 41. 6 (o +&)^ii.7(a* -ft*) ■^ 8 (o- 6 )*. 

42. (<^»+fty)*-{oy+ 6 »)*. 43. o(!^-c)“- 6 ( 6 -c), ' 

44; Divide 62* - 46* by 7. 

46. Is a* + 2 a factor of a* + 4 ? 

46,. If a; + 3 ib a factor of af 46 ® + 16, what is 6 ? 

47. If a; - 2 is a factor of a^^ 4 aa 3 - 10 , what is a ? 

48. If a? + 6 is a factor of a*® - 7a? +c, what is r ? ^ 

49. Find a square root of (a?® - 6 a? + 8 )(a?® +a? - 20 )(a?® + 3a? - 10). * 

60. If a? = 7, prove that 3a?® - 16a? - 36 equals 0. 

61. Fac^orire (6a?® + 12a? - 1)® - (a?* + 2a? + 6)®. 

62. What is the least expression by which* 

- (a;® + 3a? - 10)(a?® +a? - 20) 

must be multiplied to give a perfect square ? 

63. Arrange (a + 6 - c)(c + o - 6 ) as the difference of two squares. 

64. Fin in the gaps in a?* +4i/* =(a?® + 22 /®)® - (...)®, and hence 
factorise a?* + 42/*. 

66 , Fill in the gaps in a* + a® 6 ® + 6 * = (o® + 6 ®)® - ( . . . )®, and hence 
factorise a* +a® 6 ® + 6 *. 

66 . If a?® +oa? + 12 can be expressed in the form (a? + 6 )(a? +c), 
where a, h, c are integers, find all the possible values of a. 

• 67. Express a?®+ 8 a ;4 25 in the form (x+ 6 )®+c® ; what is the 
le&t valuf of a;® + 8 a? + 26 ? , 

68 . Express 3 + 4a? -a?® in the form a -(a? - 6 )®; what is the 

greatest value of3+4a?-a?®? c 

69. If a, b, c, cu are consecutive integers, such that cd -ab=5^, 

find their values. « 

60. If a, 6 , c, d, e e^e consecutive integers, prove that 
ae+c®=ad+ 6 e. 

' EXERCISE S. 12 


Quadratic Equation^(Chapter XII) © 

1. If Jhe square of 2a? + 1 equals the square of 2a? + 7, what is 
the value" of a? ? 

c 

2. If the square of St/ + 1 equals the square of 3^/ + 2,^hat Li 

the value of 2 / ? ‘ 

" * 3 3 

3. If j/ + - =2 *?■ “, find y when « =s 1. 

z y 
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Solve the following ^uations : 


A- 

4. 2«rj. 


5. ^s/r=46. 

7/a?*-c»s=0; find a?. • 8* find^. 


ft 7 21 


9/ 42® =*9a®'; find z, or® +6a; =0 find aj. 

11. !i;® ^poj +qx ; find x, 1^1 a;® +cx =6c® ; find a;. * ‘ 

13. Show that a: = l satisfies x®>99a? - 100 =0, What is the 
sum of the roots ? What is the othfer root ? • » • 

1,4« One root of a;® - 6a; - 1»=0 is a; = 6-77, correct to 2*place8 
of decimals. Assijming this fact, write down the other rc^t. 


15. If a; = 4 is one root of ^® + 6a; - 28 = 0, what is the yther root ? 
What is the value of 6 ? 


16. If a; = “ 4 is one root of a;® - a; + c = 0, what is the other root 7 
What is the value of c ? ^ 


17. If a; = 2 is one root of 3a;® - 5a; + c = 0, what is the other root ? 

What is the value of c ? * • 

18. Without solving the equation, show that one root of 
ftr® - 25a; - 1 = 0 is greater than 4. 

19. Form the equation whose roots are : ^ 

(i) 2c, -3c; (ii) a+6, a-6. 

20. What can you say about the values of a, 6, c if one root of 

the equation oa;® + 6a; 4-c = 0 is (i) 1 ; (ii) -•! ? » 

21. Fmd»if (* + 13)>-3(a: + 13)-10=0. * * 

22. Find x and y if y=^x{x -2) and 2^=3(a; +2). 

23. {"ind x aiyi y ii y —x + 4 and xy =21. 

24. Invent an equation such that the sum of its roots is 19 and 
the product of its rooiip is 60. 

25. Invent an equation such that the sum of its roots is 2^ and 
the product of its roots is - 1 J. 

26. Can you find the numerical value of - if a;® - Qxy + 8^ = 0, 

given that y =f 0 ? 2/ • 

27. What can you say aboyt the values^of a and 6 if 

• a® - 6® = 2(a - 6)®, given that a=^b ? * 

28. ^ What can you ^ay about the values of x and y if • ^ 

^ ^ {aj-l)(a;-*2)»=(y-l)(y-2), given thata;:?fej ? • 

29. Fflid X and R, given that Ra; = 12 and R . <^(1 -a;*^ =5. 

30. Wha^ can you say about the values of^, c if one root 
c* + 6.T f c is equal to twice the other root 7 
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EXERCISE S. IS , , , ,, 

■ Problems mTolving Quadratic Equations (ChaptoHuI) 

1. A mafrble rolls down a sloping groove so that it travels 
(5i + 2^*) inches in ^ seconds, for any value of t less than 10. How 
long,, correct td ^ sec., does it^ take to roll 2 feet ? 

2. A rectangle is of area 1 sq. inch ; its length exceeds its 
breadth by 1 inch. What is its breadth, correct to ^ inch ? 

3. 1 tiiink of a number, multiply it by 3, then subtract 1 and 
square the result. I shall obtain.) the same answer if I simply 
square, the original number. What is the number ? 

4. A line AB, 10 cm. long, is pro(faced to P. If PA . PB =AB*,‘ 
find the length of BP, correct tc the nearest »rnm. 

5. A line AB, 10 cm. long, is produced to P. If PA* + PB*= 2AB*, 
find the length di BP correct to the nearest mm. 

6. The perimeter of a rectangle is 12 in. ; if its length is I in., 
what is its breadth ?. Can you makfc a rectangle (i) perimeter 
12 inches, area 7 sq. in. ; (ii) perimeter 12 inches, area 10 sq. in. ? 
If so, what is the length, correct to inch ? 

7. A stone is projected vertically upwards so that it rises 
(60t - 16|*) feet in t seconds. Will it rise to a height of (i) 56 feet, 
(ii) 64 feet ? If so, after what time ? 


8. The height, A in., of a segment of a circle of radius r in., 
cut off by a chord ofr length I in., is calculated from the formula 
4h(2r - h) =iK see p. 232, Fig. 194. Find A, correct to the nearest 
teto^h of an inch, if r = 5 and I = 9.^ Why are there two answers ? 

9. In Fig. 182, p. 209, find OQ if PQ = 8 in., OT =6 in. Answer 
correct to ^ in. [Use the theorem OT* =OP . 0(J. J 

10. a, 6, c, d ^re four consecutive integers such that the sum 
of the squares of a and h exceeds the square 
of d by 4. Find c. * A 


1 1 . Find three consecutive integers such 
that their product is 40 times their sum. 

1*2. Divide 1 into two parts so that the t 
sum of their cubes is J. P 

13. The sum of the' first n numbers of 

the set 3, 7,^ 11, 15, 19, ...is n(Zn + l). 
How many must be taken to add up to 
jJlO ? What will then be the last number 
take^ ? ( ^ ' 

14. In Fig. 260, AB=:4 in., BC=6 in., 
CD, = 6 in. If PD = 2PA, find PB. 



15. Find a whc4e number such that the sum of its square and 
its cube is sixteen times tip next greater whole number. 
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16. The sides of a ri^t-angled triangle are Xt x + inohes 

Find the^perim^r, correct to ^ inch. 

"17. *nie area of the spa^e between two concentric circles is 
6 -6 sq.i ihches, and the radius of the larger circle is 3 inches. Find, 
correct’ to inch, the distance between the 
inner and cmter* circumferences. [Take jr=^.] 

18. Figp 261 represents a circle . fof radius r 
inches, inscribed in the quadrant of a circle of 
radius 10 inches.. Calculate the value of r, 
correct to one place of decimals. 

ift. The hypoteimse of a rigiit-angled triangle 
,is 4 in., and the otner two sides differ by 1 inch. 

Find the length of the shortest side, correct to 
inch. Can you find the area of the triangle 
without solving an equation ? 

20. A rectangle, of perimeter 16 cm., is inscribed in a circle of 
diameter 6 cm. Find its length and breadth to the nearest mm. 
Can you find the area of the Rectangle without solving an equation? 

21. Fig. 262 represents roughly the graph of y = 3a; - a?® ; NP 
is perpendicular to the a;-axis. (i) What is OA ? (ii) Calculate 
ON, if PN =2. (iii) Calculate ON, if PN = i. 




FJO. 262. Fig. 268. 


22. *I^g. 263 represents roughly the graph of y =(a; - l)(x - 4) ; 
NP is perpendicular to the x-axis. (i) Wliat are OB and OC ? 
(ii) Calculate ON, if PN’=-4 ; (iii) Calculate ON, if PN =5. 

23. Fig. 264 represents roughly the ^graph of y, where 
y = a;(2.- x) and y — 1 - Ja;. What are the coordinates of A, B, 6? 



Calculate to the nearest tenth the values of x for which tl^ese ^ 
functions age equal, and explain the connection of your emswera 
with the figure. ^ - 
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Hm 

kteaxB i 


24. Fig. 266 represents — „ 
y = x{2-x) and i/ = (aj- l)(a;-3). 


r«-' 

whore 
ates of 



A, B, C ? , Caloulate, to the nearest tenth, the values of x for which 
these functions are equal and explain thd connection of your 
answers with the figure. 


EXEBCISE S. 14 
* 

Factors, Fractions and Equations (Chapter XIII) 

1. rm in the blank in (i) ; (ii) 

Simplify (sc* - 46a5 + 200) —(a; - 6). 

•A . 

fi. Solve 


10 -a: 


2a; -3 a; +2““ (2a; - 3) (a; +2) * 

6. Simplify fi) (a; -y)*- ( 3 /-*)*; (ii) 

7. Simplify . 

i.Simplify(l.^J).(f.|^;). • 

i=0. 


9. Solve 


a; + 1 


a;-l 


a.* -6a; + 6 a;2+a;-12 


10. Find the L C.M. of (2a - 26)* and (3a - 2bf>, 
11* Simplify 


6 


a-* + a; - 1 2 ar* 4 2a; - 8 ’ 

12. Divide 4a;® -f 4a; + 1 by - 2a; - i. 

a 

13 . lo a;® + 3 a; i- 2 ^ a perfect sauaio I 
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-h*~» + 1 * 

16. Faotoriae (i) ap+h^-^cp-^aq+bq-^oq-, 

(ii) a:(3y -6 js)*+ 5« 

16 . Sim^ify ^ 1 - 3 --.-^. 

17. What values of x satisfy 3a? - 4 

18. Simplify 

. 19. Factorise a**- a*6 - oW + 6». 

20. Simplify (3a -®66)* - 9(a -26)*. 

21. Solve =l+4n. • 

22. Simplify 


46* -6c* r2h .\ 

-6«‘U 


23. Multiply out the expression 

(a? -2/)(x +y)(a?* +y*)(a?« +y*). 
1111 


24. Solve 


x-S^i-S x-7*’x-2‘ 


25. Simplify 


■ - iy ~ 2 
32/*4-y-2 


X 2 


3y + l\ 
2y + i;- 


2fi Rimnlifv ( « + 2^ ) ' 2^) - 26)^6 +2a) 

26. Simplify^ ^ ^ ^ ^ 26) (6 --2a) 

oiT«c3'i a: + ^x-3 2x-2 

27. *BoIve— 

28- Simplify (^,-5rlp + (~5jS- , 


29. 


Simplify j-~ -^( 1 + r + r* + r* + r* +r*). 


m 


so 2*17 

30. Simplify _ c) (6 - a) * (c - a) (c -Hf) ’ 

Solve the following equations. Give any root, which is not 
ratiom^l, correct to one place of decimals. * • 

#31, -ii — ^ L-=^, * 32, .. + 1 

^ x+*l^x-l 5 • x-1 2x 

x-2 a?-h4 af + 4 aj-6 •• 
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OR ^ ^ _ q 


37: JLx Jl: 

•C i 1' inj *f* 2 


^8. 


3 / 3 




;= 0 . 


40. 


sc + 6 2a; + 3 ’ 
1 2 


cl 


x + 


I’^a; - i a; + 3', 


EXERCISE S. 15 

I < « 

Transformation of Formulae (Chapter XIV) 

1. The horse power H, transmitted by an ei dless belt, rtinning 
at t; ft. per sec^ round a shaft, when tiie tensions in the belt on the • 

two sides of the shaft are lb., Tg lb. is giVen by H = » 

make (i) T^, (ii) v the subject. 

2. When the shadow of a telegraph pole h feet high is I feet long, 
the shadow of a tower x feet high is m feet long. Find x in ternjs 
of I, m, A. 

1 r % 

3. Make n the subject of the formula, - = 1 - . 

n 1 uu 

4. The external radius of a cylindrical tube of length I in. with 
open ends is R in., and the metal is t in. thick ; the volume of 
metal in the tube is V cu. in. Express V in terms of I, H, t ; then 
make R the subject. 

5. In Fig #^266, fmh a formula for x in terms of a, 6, c. 



7. The focal length / cm. of a lens, radii r cm., 8 cm., refractive 

«. 1 /I 1\ * 

index /*, is given by the formula, j= (/a - . Ma^ (i)/, 

<ii) the* subject. ^ ? 

rfi The effort, P lb., for a machine is Connected with fhe loa(}, 

W t * 

Wolb., by the formula, P=;:^4-l*5; .coid the efhoienoi^ E is 

W ' i 

given by E = gp Express E in terms df P. 
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9. A beaker when empty weighs a gm., when full of water it 
weighs 6*gin., when fu# of methylated spirit it weighs c gm.^ Find ■ 
a formula for the specific ^avity s of methylated spirit^* the ^ 
ratio pf the weight of any ^ount of methylated BQ^rit to the 
weight of the same amoimt oi water), * 


10. ^ake p the subject of the formula, t = 


2pr9 

p 


11^ The pro^r distances of the photographic plate and the 
person to be photographed from the lens of a cafhera^d 'in. and 
*D in., are connected by the formula (D -o)(d -o) whe^e o, k 
are ‘constants, depending on tne type of lens. Make d the subject. 

The formula is*sometim(ip put in the form Dd -a(D ^ d) =c** • 
* Make d the subject here. ^ t 


12. Using the formula, jfc = | ~ g ~ | * for the sag of a tele- 

graph wire, see Ex. XIII. h. No. 18, make x the subject. 

/ ^\2 ^2 

Prove also that ( ^ “ 2 ) ^“3“ hence make I the subject. 


■L 

13. Make h the subject of the formula, 0=6. j ^ , 

14, The sum s of the first n of the numbers 

o, a 4- d, a + 2d, a + 3d, 


Th 

18 given by the formula 5 = * {2a + (n - l)d}. , ^ 

•• 

Make (i) a, (ii) d the subject. ^ 

15. The tonnage T of a vessel of keel -length I feet and breadth 
b feet is meastired by the formula, T =ji^l Make I the 


subjeet:- 

If ^ - 1 Ob, express I in terms of T. 


16. Make t the subject of the formula, 8-a = ^ +a®| . 


17. The least velocity for throwing a stone over a wall, h f^t 
high, c feet away, is^v ft. per sec., where (v® -gr/i)* =p*(c® 
Express h in terms of g, c, v. Also find h when c = 36, v = 48, 
gy=32. . 


18. If i^fie base-radius of a cone, height h in., is rin., and if the 
lengt^pf a slant edge is Z in., then the area of the curved surface 
is in.' Express the area of the total surface, S Sq. in., m 

(i) r, I ; {iifr, • • 
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EXERCISE 8. 16 

♦ . * * 

* Problems with two Unknoifais (Chapter XV) 

1. Thef sum two numbers is ^0 aa;ui the di^erenoe of theii 
squares is 40. What are the numbers ? * • • 

cTwo merf P, Q start at the same time from A and motpr to B, 
30 miles away. P travels 4 miles an hour faster thlui Q and 
arrives a quarter of an hour sooner. What are their average 
speeds ? , ^ < 

3* 'Find two numbers such that the sum of the first and five* 
times the square of the second eqiials the sum of the second and 
twice tSie square of the first, and« Buch th^t the sum of the, 
numbers 1. r 

4. The hypotenuse of a right-angled triangle is 25 cm. and the 
perimeter is 66 cm. ; find the lengths of the other two sides. 

5. Two rugs are each 64 sq. ft. in area ; one rug is 1 foot longer 

and 9 inches narrower than the other. Find the dimensions 
of each rug. < 

6. The dimensions of Fig. 268 are shown in inches. If 
BC = 8 in., find x and y. 

7. The difference of the squares of two 
numbers>9 exceeds twice their product by 60 
and is equal to ten times their sum. Find 
the numbers. 

^ 8. The di«3erence of the squares of two 

members is^ 540, and their product is 144. 

Whfeit areChe numbers ? , 

9. If in the triangle ABC, Z.ACB~120‘’, and if ' the lengths of 
BC, CA, AB are o, 6, c inches, it can be proved that c* =o* c^+b^. 
If AB =8 in., and, if AC 4-BC =9 in., and Z. ACB - 120°, calculate the 
lengths of AC, BC correct to ^ inch. 

10. The sum of three integers is 22 and the greatest is three 
times the least. Tht' sum of their squares is 196. Find the 
numbers. 

ir. A number is formed of 2 digits. The square of the tens 
di|;it is one less than twice the unit digit. Also if twice the sum 
of the digits is added Co the number, the result is two less than 
the number formed by reversing the digits. What is the number T 

12. The sides of a right-angled triangle are x in., y in.!! and the 

Ifingth o^the hypotenuse is (Sx-y) inches.^ If the area«of the 
triangle is 24 sq. in., find x and y. u • 

13. From a circle of radius x in. a circle of radius yin. is cut 
away ; if^the greatest possible distcuice between the centres of the 
two circles is 8 in , and if the area of the remainder is equal to 
the area^of a circle of radius 12 in., find x and y. 



X D C 
Fig, 268. 
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14. Find two whole Aiinbera such that the result of subtracting 
either from the aqtiare^pf the other is 43. 

15. The result of subtracting 1 from both numerator .and 
denominator of a fraction is thg same as adding 1 to the numerator 
and 3 to the, denominator, and in each case the new fraction is 
less than the original fraction by Find the fraction. 

16. A ri^es 4 miles an hour faster than B and 4 miles an*hour 

faster than C. A takes 50 minutes less than B and 90 minutes 
less than C over a certain journey. What is the length of the 
journey ? ' ' • • • • 

17. According to the time-^able, an express train is afiowed 
90 minutes for a jonmey of 60 miles. On the way the tr%jn runs 
'into a fog and speed is reduced, making the train 25 minut^ late. 
Had the fog come on.6 miles further from the place 5f destination, 
the train would have been 40 minutes late. Find ijhe late of 
travelling in the fog. 



SUPPLEMENTARY TEST PAPERS, P. l-b (Ch. I-IV) 
P. 1 


1 (i) Simplrfy jo® x q* 

(ii") Subtract fZ* from 

2. (i) For what value of Z -ioes - exceed by 1 ? 

(li) What can you say about ^if 10 - ^ is less than 2^ + 1 t 

3. (i4 The least of 6 consecutive q,dd numb\)rs is 2Z - 1 ; what . 

is the middle number ? 

(ii) 'Ae greatest of 5 consecutive even riumbers is 2Q ; what 
[is* the sum of all five ? 


4. When Napoieon reached the age of 7i 

his life wf s over. For how many more 
years did he live ? • 

5. In Fig. 269, find x. 

P. 2 

1. Pro,Y© that + 6Rr if R = 2r, 
also if R = 4r. 

2. For what value of t is equal to 

^ ? What iy,flie value of each expression 
in this castt ? • 


years, three-quarters of 



3. How many minutes are there between p miniAes past 9 and 

2p minutes to 12 on the same morning ? * 

What is if thr number of minutes is 12p ? 

4. Fahrenheit is the same temperaftire as C° Centigrade 

9C 

if F = 32+-^. Exprejs in Fahrenheit a rise in temperature of 
20° Centigrade. ^ 

5. Fig. 270 shows the lengths of the sides of a triangle in inches. 





Find X if the triorgle is isosceles. Find also the leilgths of the 
sides. [There is more than one answer.] 



IP. 1.6] SUPPLEMEOTARY TEST PAIIEBS ' 813 

. P*3 

1. ' (i) Mmtiply xy by xz ^d divide the reeijlt by yz. * 

(ii) Add pq to pr and subtract qr from the residi^ 

2. A cast of beer weighs W lb. when full and w lb. when empty. 
Find 'the tbtal weight of n full casks and 2n half full casks. 

3. In Big. 271, BC =(R -r) inches, AC =(R +r) inches ; is the » 


P 

T h- 




• A B C 

• ^ IQ. 271. 

* mid-point of AB. What is the length of PC ? , , 

If R = 4r, prove that BC = 3AP. ^ j 

4. If a man’s holiday lasts n days, he spends 

£ 4 2^ if n < 6 and £ -i- if n> 6. "What does 

his holiday cost if it last^ (i) 4 days, (ii^ 9 days ? 
How would you try to find the cost if it lasts exactly 
6 days, and what do you think it is ? 

5. In Fig. 272, Z. ACB =4z. ABC, and CP bisects 
^ACB, find Z.BPC. 



C A 

Fia 272. 


>1 


P.4 

1 . (i) What must be added to 10 -o to make 9 ? 

1 ' 

(ii) By what must o®6* be divided to give gj ^ ^ 

2. Express a discount of p shillings in the £ as a percentage. 

3. JTIie mark^ obtained in an examination run from 30 to 90 
they are converted so that an original mark n“*becomes N where 
N=§(n-30). Wliat »« the new mark if the original mark is 
(i) 48, (ii) 81 ? What is the new top mark and the new bottom 
mark ? What mark remains unchanged ? ^ 

4. A walks (v + 1) ft. per sec. ; B walks (v - 1) ft. per sec. They 
are standing 20 yar(2s apart. B then walks away from A, and A 
follows him. How long does A take to catch up B ? 

5. A man’s ordinary wage is Is. 6d. per hour ; overtime pay 
is 2s. perhour. He works 54 hours one week an^eams £4. 4s. ; 
how many hours are counted as overtime ? 


1. (i) "What is the tube of 36* ? „ .f 

(ii) Divide 5x + y hy x - y, if x = 7y. ^ 

2. If a = 36 = 4c =:= 60, what is the value of (i) a - c ; (ii) B 4- 6 +0 1 
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3. a; metres equal approximately a? yd. +^rd.+'j^ yd. ^xpress 
1200 oielires in yards* Also express srjrards in metres. 

4. Fryinft^ pans of a certain quality are sold in sizes the 

following rule : ^om ' \ 

Size N is of diapieter (2N + 6) inches and costs + 6j shillings ; 

(i) ‘ What is the diameter and cost of size 2 ? 

(ii) What is the size-nupber and the cost, if the diameter 

' is Itf inches ? 

(iii) What is the size-number rad the diameter, if the cost 

, is 148. ? 4 

(iv) What is the size-number and the cost, if the diameter is • 

d inches ? 

5. Three-Quarters of an even number equals two-thirds of the 
next larger/even r^umber. Find the numbers. 

i 

SUPPLEMENTARY TEST PAPERS. P. 6-15 (Ch. I-VH!) 

P. 6 

!• (i) Add together l-3a-a^ 2a‘-a-l and subtract the 
* sum from 1. 

(ii) Divide sr* - ra* by - ra, 

2. What is the chanr^e in the value of 2\ - lx when x increases 
from - 3 to ? 

3. (i) Solve the equation, ^ • 

(ii) Find 2 if when a; = 10 and y = nl « 

o 4 2 

I 

4. The price of an article is reduced from C 
how much per rent, is this reduction 7 

If the cost price was ^ what profit per cent, does the 

lower sale price give ? \ 

6* ABC is a triangle ; AC -l-BC is twice AB, and AB +AC is three 
times BC ; the perimetqr of the triangle is 2 ft. Find the lengtl; 
of each side. 

P. 7 

'I. (i) l/ - 3, 2 / = - 2, 2 = - 1, find the value of 

{y~t)t-(x-y)(x-z)i > 

,(ii) Simplify \(2a - 36) - J(3a - 26). 

2. At l^d. a mi)p, the fare from A to B is n shilKogs ; hoa 
many miles is it 7 Find in shillings the fare at 2 Jd. a mile. 




«:91 SUPPIJMEOTAE^ TEST PAPERS »» 

3. (i) Solve the equation l(|a; - 6) - i( J« ~ 1) =» 1 

* *(ii> What *ban ytfa say about y if 3(y + 1)* =27 ? 

4. Prove that 2(x^+y*) dquals 6xy if x =^2y, also ^ 

5. Por what income is the %ax at 4s. in the £ on th^part abovt» 
£l50<equal£o the tax at 4s. 6d. in the £ on the part alxirve £200 i 

P.8 / . 

1. (i) Sunplify(-a;)(y-2-a?)+(7y)(«-a;-y)+(-«K«-y-*)* 

• (ii) What is the value of x* +2x* if x = - 3 ? • , 

2. Draw a travel graph for^ man A who walks for half an hour 

at 6 m.p.h., then'^alts for ^0 minutes, then bicycles at ^ m.p.h. ^ 
for 40 minutes. ^ 

Draw on the same figure the graph for a man B who starts from 
the same place at the same time as A and walks steadilj at 4 m.p.h. 
along the same road. Where will one pass the mother \ 

.3. Solve the equations, (i) 3x(x -2) +2(x* + 6) =6xA +x) ; 

2 3 ^ 


(ii) 




2y- 


l-y~l 

4. Fill the gaps in the following : 

(i) 7-6x = (-3)( )-2; (ii) (c-d)(d-c)= ( )•. 

5. Find by means of an equation the distance from tile starting' 
point of the place where A pasaea B in No. 2. 

P.9 

1. (i) Simplify 2x -( -x) +(1 -x)( -3). ^ ^ * 

186» 


(ii) Multiply 8a*6 by 
« res^t. 


and find a square root of the 


2. A bottle weighs (W -w) gm. when empty* and weighs 
(W +ty) gm. when it ci>n tains v cu. cm. of oil ; what is the .weight 
of 1 cu. cm. of oil ? 

3. (i) Solve the equation, ^ 

* i(x-lJ)-ipx-6i)+l(2x + 6)=0. 

(ii) If the value of p ,v is fixed, and if 

p =4i when v = 2f, what is the value of v when 

p=0-6? 

■* • 

4. What is the increase in (1 -2x)(6x-2) 
when’x increases from - 1 to + 1 ? 

5. a rule, P bicycles twice as fast as Q 
<ewalka^ Each leaves A at 2 p,m. ; they agree 

to meei at B, see Fig. 273. P follows the 
road AO, OB ; Q goes strai^t across country. Owing tc? the 
wind, theit^speeds are each one mile an hour less than usud. They 
arrive at B at the same time. What jvas the tin^ of arrival T 



^ FIQ. 2h. 
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0 


P. 10 

1. (i)* Divide 12a;* - 16a;» by ( - 4a?^. 


(ii) I'lnd the possible values of if n® = 16. . 

TV ^ f . < 

2. If the nth" day of September is a Tuesday, what day of the 

week is. the (n + l)th day of October ? ^ 

3. (i) Solve'th© equation, + 4^ - - s)- 1 • 

(ii) If 3a; + 62/ = 1 1, find the va^itue of a; + 2w in terms of x. 

1 

4. (i) Add (4p - 1)6 to 6(1 -p) and square the result. 

(ii) I^/N -(40 per cent, of N) equals l*N,'wha+ is A; ? 

5. Fig. ^/4 gives the data of the journey of a man whu cycles 
from A to 3 and then motors from B to C. The total time i^en 


h- 

-<•6 mile8~> 


B — '^vm.p.h. 


-SOmiiea- 


Fig 274. 


is 2 hours. Write down an equation connecting u and v. 

Find u ii v = 3w. 

o 

* r " P. 11 

1. '/Subtrd-ct 3(2a;^ - a; - 5) from ^x{x^ - 3a; - 6) and arrange the 

result in ascendmg powers of a;. , 

2. I pay 2d. to take a book out of a library tor a webk, and 
anothei l^d. for< each extra week or part of it. How many 
weeks do I keep the book if the total charge is n jieiice ? 

Which of the numbers 12, 121, IS, l3i, 14 are possible v^alues 
of n ? ( 

3. ,(i) Solve the equation, 10(; + 2) - ?(2^ +^3) - 6J(^ + 3) = 1 J. 

, (ii) What can you say about p if twice (3p -2) is less than 
five times (12 -2p) ? 

4. Two numbers, a and 6, are chosen so that their sifm equals 
three times their difference ; prove that their product equals 
jj of the sum of their squares. 

5. A tankj capable of holding 1440 gallAis, is supplied by twor 
pipes A and B ; B supplies 16 gallons a minpte more thart A does. 
The ^ank being empty, the pipe A is turned on for 4 minutes ; after 
that, B is also tumpd on and the tank fills in another "92 minutes. 
How long, would A take to fill the tank bv itself ? 



^UPPI^MflNTARy TEST 30 

'■*; f , ' ' , 

1 . (i) Simplify 

(ii) 'V^^at must be added to 2(r -«) to make 2(tf -r) ? 

2. 'VVlien erecting a hoarding in an exposed plad^, account* must 

bo taken t)f the pressure exerted by the wind. If the .wind is 
blowing at v miles per hour, it exerts a pressure of P lb. per sq. ft., 
as follows : • • • * 


V 

5 

10 « 

16 

20 

25 

p 

012 

1 

0-5l 

M5 

1*88 , 

2-95 

• 


Find from a graph (i) the pressure in lb. per sq. ft. laused by a 
wind blowing at 12 m.p.h., 22 m.p.h. (ii) the velocity Vf the wind 
if the pressure in lb. per sq. ft. is 0*4, 1 *6. | 

The surface area of a hoarding is 360 sq. ft. ; yhat total 
pressure must it be able lo withstand in«a wind blowing at 28 
m.p.h. r 

3. Solve the equation, H* 

4. If 3r + 4.9 “ 55, find the least integral value of 8 for ^»hich r is 
a negative integer. 

5. Fig. 275 shows the angles of a cj^lic qi:gidrilateral in 



degrees. What is the 
(The opposite angles Of 


value of X ? What is the value of j/ ? 
a cyclic quadrilatel'al are supplementary.] 


P. 13 • , 

^ 1, If 2r = 3fi, express -r® as a fraction of 2i%. • 

(ii) "Simplify ( - 2o)(2a - o^) - (2a)® - ( - 2a)*. ^ ^ 

2. If a pBBSsure of w oz. per sq. in. is the saijie as a pressure of 
W lb. per aq. ft., express W in terms pf • 



* T 
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8. (i) Solve the equation, 4(a; + 4) - 1 + 29) + 27 J =0. 

(ii), Express x in terms of c if 

" 4. In a competition, (n + 1) prizesoare awarded if there ar^ more 

than ( Un + 5) competitors. What can you say about the number 
of oom^^itors if there are 3 prizes t What is the leas€^ numt^er ol 
competitors required in order that there may be a priz^ ? * 



6. With the data of Fig. 276, find x if Z.CBD =2^ CAD. 

< 


P. 14 


1. Find in terms of p the value of 

VW® +6 +c)(6 +c -a)(c +a -6)(a+6 -c)}. 

If a = 3p, b = 4p, c = 6p. 

2. (i) If a rectangle is (f + 1) in. long and (2-1) in. broad, ita 
^urea is (2* - l)^sq. in. ; test this for 2 = 8. 

(ii) Express k guineas in pounds and shillings if 60 < k< 80. 

o^/-vcs^i 4.1, 4.'* + ir+2 x + 3 x4-4 

8. (i) Solve the equation, — g • 

(i ) If p(q -r) =q^{p -r), find r when p = 5 and q = 3. 

4. The result of increasing N by r per ce^it. is the same as that 
of increasing JN by 3r per cent. Find r. 

6. In Fig. 277, alV the comers are right-angled. The path 
ABDDEFQ is p in. longer than the path AHG. Can you find the 


c 


o 



Hr 


^ E 



A B 


PlO. 277. 


( 

if 


< 1 * • , , 
length of one side pf the figure ? If also the path ABGDEF is p me 
longer than the p4th AHQF, find the length of another side. 



» q STPPLEMJINTARY TEST , 

P, 16 

» • f ( 

1. SimplHy (i) 3(2o - ^o) -ra ; (ii) — ‘ 

^ “O ^ • 

2. II P^sx* ’•-3xy+y\ Q = ai?(a; - y), R = 3y ( 3y - «), exproas 

P - O' - R ill terms of x, y. Also express P - Q - R in terms of y 
only, if (i^ a7=2y, (ii) a? = 3y, (iii) iF=4y, * 

3. Solve the equation, x ^3 + = (x* - 7x) ^ . 

* 4. A sentry marches up and down a beat PQ, 100 yards long, 

starting from P ; how far iS he from P when he has march^ 
(100A? + 36) yards? (i) if ^ ig an even integer, (ii) if A; i^ an odd ^ 
integer ? * , 

5. If the nth day of January and the (2n)th day |f February 
are both Sundays, hnd n. I 




SUPPLEMENTARY ^TEST PAPERS, ‘Q. 1-5 (C!h. I-XI) 


1 . 


Q.l . 

(i) Fill in the blanks in (i) ^=— > (ii) 5=“ ^ • 

(ii) Simplify J(R - r)(i + if 3R = 6 r. 


2. Solve (i)?^-i-^^ = l; ^ \ 

, (ii) (a: + 2)(23/ + 2)=(2i-l)(y-l), 2a!+y=3. 

3. Jp'^ctorise (I) 9x® - 16a; - 14 ; (ii) o* + 4o6 + 46* - 4c*. 

4. If y and both positive integers less than 10, what 

Integers are they ? ^ 

5. The angles of a triangle are (2x+y), {x+2y), {5x-2y) 

degrees. If the triangle is isosceles, prove that it is equilateral ; 
and find x and y. * j 


Q- 2 • 

1. Simplify (i) {ix(a: +2/)}*- {ia:(* -y)}* ; (ii) • 

2. (i) For what v#due of x is |(i -x) the average of jfi -x) add 

. * i(i-*)? • 

(u) -Solve J(x + l^-J(3y-l)=i(3-8y)-i(7-3x) = l. , 

3. Find ^ in^igral value of x such that x* + 2 is a periect cube. * 

[There is only one answer.] * . 



820 ALGEBRA: A^1^Ni>TX [«. 

4. (i) What number must be added to^9a;® - 16a? to make the 

sum a perfect square ? c ' 

‘ (ii)‘ Factorise (a +6)* - 7(ac +6c)#f 12c*. 

5. At the end of the War (191^, a man was 40 and his son 
was 12. In what year will the man 1^ just twice his son’s age t 

. 0 

Q.3 


from 2(a? -y). 


9 . 


'i) Subtract the sum g + j and g ” ^ 

(i) If 2a; =32/ - 4 and 4^ = 32 + 5, find s in terms of a?. 

.... c / 1 a+6-5 2o-6 a-b-2 

(„) ^,ive 


3. The\ year a? a.d. contains ^ days. What is x ? 


4. Factorise (i) a* - a - 6 + a6 ; (ii) (a;* - a- - 27)* - 9(2a; + 1)*. 

6. Fig. 278 shows 3 circular arcs, centres A, B, C ; BC =0 in. 


A 



CA=b in., AB=<fin. ; calculate the length of AP (i) if HK=iBC; 
jii) if H coincides with K. • 


* Q.4 

!*•» If o - 6 = 3, write down, when possible^ the numerical valuec 
(i) — ; (ii) ,(a - b)(b - a) ; (iii) (c - a) - (c - 6) ; 


b-o’’ 3-a-b; 


(vi) 1 + 6 - a. 


‘ 2. ^(i) ^i^d W and x if W(a? - 5) =9 and W(2a? - 1) =45 ; 

(ii) If a? =2i® - 1 - 4 and y =«* + 2i + # and if a; =2?/, find thu 
values of x, y, t. c 

^ 3. Which day of the week is the {In + 4)th day aft^r a Sunday, 
(i) if n iq a positive integer, (ii) if n is a negative integer ? 



2-6] SUPPLEII^ARY TEST P^KRS 32l‘ > 

What can you say about x and y if the xth day of April and the 
2 /th day ^f May*are b^h Tuesdays? 

4. Factorise (i) ~\lxy - I4y'^ ; (ii) z^(z - 1) - 9z+'9. , 

5. A" tradesman’s profit is per cent, of his turnover, that is, of 

the sum of* his costs and receipts. What percentage is his profit 
of his gosts ? • • • 

• Q. 5 • . • 

1. Of which of -the following exptossions is 6-« a ^ctor, and 

•what is the other factor? * 

1[i) a(6-c) + a2J6“C) ; * b{x-\-y) - c(x -y) ; ^ 

. (Hi) x{b-c) + y{c-b) ; • (iv) a{b ~ c) -b - c ; • 

(v) p(6-c)-6 + e; (vi) a(a -i- 6) - a(a + c)| 

2. (i) Find x and y if xy i 2.r-- 18 and lx - 2xy—% I 
(ii) If 2x - Cyy -- 4, 3.r - ly ~ 5, x -f cy = - 10,*find cA 

S. (i) If x — am“, y~2m^iy express x in terms of y, aJ[ 

(ii) A stone falls 16^- feet in t seconcfe for values of t from 
0 to 3. How far did it fall in the 1st second, in the 
2nd second, in the 3rd second? 


4. Factorise (i) 12a:- - lO.riy 12//-; ^ 

(ii) (a:-fa)(.r- a) - (y a)(y - a). 

5. A chain is composed of >/ circular links, each of which Ls 

d inches in external diameter and is made ^f metaV J inch thick. 
What is the total length of the cliaiu wlien taut? • ^ 


SUPPLEMENTARY TEST PAPERS, Q. 6-10 (Ch. I-XIII) 

Q. 6 . 

1. Factorise (i) (ax%-by)" ~ (ay vbx)^; 

(ii) a- + liab + 26 - 4- ac be. ^ 

2. Solve (i) Zk -f- 32 / \ - I 4- ly) -}x - 2y. 

(ii) .r^-f Sx^Hy forrect to 1 place of decimals. ^ 


3. Simplify (i) X ^ (l - • 

. * ! ! 

.rM-2.r-3 (r»-l)(.r + 2) 

® ^ 3 

^ 4, F#r what integral valuevS of x does 

Jandi?* • 




V 


lie between 


5. The sicte of a box are n, n -- 1, 2n inches loij^, and its diagonal 
is (2n + 1) inches long. Find the value of n. 

n.s.A. • o ^ ^ 


fl 
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Q.7 


1. vWIiich of the following equatioij^s have no roots? 

4i) + 8a; - 12 = 0 ; (u) a;* + 8a: + 14 = 0 ; 

(iii) a:« + 8a: + 20=F0. 

2. (i) For what values of t? is v*(2v-f 2i) equal to i;? 

aj ^ ^ i' 

(ii) Solve ;;;; — ^ = — - ooiTect to 1 place of decimals. 


a; ~ 1 


3. Simplify (i) 
' (ii) 


5 




1 - 4a: + 3a;® 1 - a; - 6a;® ^ 2a; + I 

4. Writd (^own the sum and the product of tho roots of the 

equations, r (i) , a;® 4 - 4a: - 32 = 0 ; (ii) a® - '2x + 35 ; 

(iii) 3a:®- 10a; + 3 = 0; (iv) 4.r® f 16a; + 15 = 0. 

5. If o,H, c, d are consecutive integers, prove that 

* a» + 6* + c*4d“-f) 

IS the square of J (a + 6 + c + d). 


Q. 8 

1. (i)Vhat is the value of c if the rool s of a ® - 3a; -1- c = 0 are 
equal ? 

(ii) For what va^ue of 6 is a? = | a root of 2a:® 4 hx — 5’t What 
• is*ihen the other root? 


% Solv(e (i) (x-2)(x- l)(a: + 2)=12(a;- ]) ; 

(ii) x^ + x- 1^ 0, correct to 1 place of decimals. 

3. Simplify (i)J--^,--y(l-^); 

3 2 , 1 

a:® + a: - 2 a:® 4 - 2a: - 3 ^ ;r® 4- 5a; 4 6 

,4. From the data^of a problem in whicJi y is tlie number of 
articles bought and £x is their total cost, a br)y obtains the 

ec^uation, — + 0*3 =: — * Is it possible for Jbirti fo nnd 

y X X ^ ^ m 

the ntmierical value oi a: without obtaining a second Equation? 

6s What digit must x represent if the product of the two 
numberSt.** a:l ” and “ 4a: ” is the number “ 3a:a:a: ”? 


'*■ ' Q. 9 , 

1 Facforise (i) x^ + y- x'^y - a; ; (ii) a(b^ - 2bc + c®) - d(6® - c*). 
1 Solve (i) 4(f.-2)-i(2/-3) = 2f, i(3 -a:) -i( 2 /<* 2)= -| ; 
(ii) 3a:^ + 4a; 8, correct to 1 place of decimals. 



f-11] SUPPLEMENTARY’ TEST 

3. Simplify (H (f+^ + 2) g + 5-2) -(y ^ 

.... x^-(c+ Ijitr-f-c x+€ 

• , x*“ - (d + l).r d a? + d ^ 

4. it'or what values of 6, c do the equations, 2a;* + 5bx + 3c = 0, 

3a;* H- (4c -^1 )x + 96 = 0 have the same roots for a?? * • * 

5. If (a;+ l)(2a; - 3) and (a? - l)(3a? - 6) are either consecutive 

even numbers or consecutive .odd niimbers, find alj possible pairs 
•of numbers they can be. * 

Q. 10 

1. If 2 x - y + Z- 0 , show Iiow to express xy-^yz in the form 
a.r* + by^ + cs*, and find the numerical values of o, 6, c^* 

2, Solve (i) a;* - a;- 6(a;i- 1) ; 

.... , x^ + 2 x-{-2 

, (n) x~\~ -+ -• 

' ' a;- 1 X- 6 


'Ar UA I 


3. Simplify (i) (l-^)H-g-^+l); 
(ii) 


x + z 


y-hz 


(a-x)(x-y) (a-ij)(y-x) ^ 

4. P'ind simple expressions for A and B in terms of n, such that 
(3n-7)(9n + 3)=5A*-B*. 

5. After tPie price of bread has been lowered r per Cqpt., a famii 3 t 
eats each year r per cent. moi‘e bread. The yearly bread-biLV is 
thereby reduced from £16 to l6 guineas. P'ind the vaflue of#*. 


SW^LEMENTARY TEST PAPERS, Q. 11-20 (Ch. I-XV) 

• Q. 11 

1. (i) Divide 1 - 8y^ by 1 ~ 2y. ^ 

(ii) Factorise (a) 10 I- 1 lx - 6x* ; (6) cx + dx - x® - cd. * 

2« (i) What is c if^ i- 3 is a factor of x® - 5x + c ? * * 

(ii) Solve X® - 4x = 9, correct to 1 place of decimals. 

3. If the diameter of a sphere is d inches, the volume in 
cu. inches exceeds ^d* by about 5 per cent. Find aA approximate 
expression for the volume of a sphere of radius r inche^ 

4. At an entertaSuiMnt* the tickets cost Is. 3d. a.i^d 6d.^* tfie 
^rografhmes were 2d.^oh. Three-quarters of the Is, 3d. ticket 

holders and two-thirdfe of the others bought programmes. ^The 
receipts frojt?a the tickets were £6. Os. and from the programmes • 
I9s. 6d. How many bought Is. 3d. tickets? ^ ^ 
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[Q. 


6. Write down any set of numbers which increase by equal 
amoimts, e.gr. 2, 5, 8, 11, 14, ... . The sum^of th6 first n* of .these 
numbers is bn-^cn^, where 6, c do 1^)1 depend on n. Find the 
values of 6»ic for the set you have chosen, and check your answer 
by adding up the first 5 numbers of your set. 

If the firat two numbers of the set you have chosen are denoted 
by p, q, verify that b==l(3p-q) and c~l{q-p), ^ ‘ 


. ^ . ,Q. 12 

1. Factorise (i) Oa^ - 30a6 + 256® (ii) x* ~ 8x® + 16. 


4:X — 


35 f 

2. Fifid o, 6 if the roots of ax — -^^ — r are double the roots of 
35 . . ^ + ^ 


a:+ 1 j < 

3. Solvy(i) (<»■+ 10<)»=576 ; 


Wii) 


2a; -t- 2 

X- 1 


a; - 1 

xTl 


correct to 1 place of decimtils. 


4. The base of an open cistern is a sc{uare of side x feet ; its 
volume is 300 cu. ft. ; show that the total area of the base and 

1200 

sides, y sq, ft., is given by 2 / — a® -h - - • Represent this function 

graphically for values of x from 6 to 12. Find from the graph 
the value of x for which this total area is least ? 

1200 

• Solve graphically (i) x" i 230 ; (ii) - 225.i -f 1200 = 0.^ 

5, tFig. 579 shows a chain ACB iTanging over a small rail. Find 
AC and BC, if the chain is I feet long, and if B is s feet 

below A. 


' Q. 13 

1. (i) Expand in ascending powers of x, as far as a"®, 

(1 -2xiy - 4a;® + 5a"^)®. 

fn) Simplify (— i—) 1 -V 

, V// + c: y + 2z/ \y + 3z y 2z) 

2. (i) Factorise a;® - ga; ~ 27 ; 

(ii) Express a;- - 6a; - 27 as the difference of two 
squares ; 

, (iii) For what values of x is .t® ~ 6.r - 27 qegative? 
(i^) WHat is the least value of a;® - Oa^^ 27 ? 

3. ^ What is the condition that the ©quati6ns, 

' a;® “ 2 /® = a®, 3a;--y=18, 2x-\-^y-\ 

, are siriiultaneous equations for x and y? 


.vio. 

279 . 
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4. If a, b, c, d are consecutive integers, prove that abed + 1 ifl 
the squace of 6c*- 1 . # 

5. If *1 deduct (5k) per cent, from N the result is th^ same as if 
I increase M.by (5k) per cent.^ Find k in terms of fJTSid N. 


1. Simplify 


I — 


Q. 14 


^y-y^ •x'y 


2. Prove that (g 4 36)2 + (3a |. 6)2 _ 4 (a - 6)2-2 (a + 36) (Jo 4- 6). 

3. Solve (i) (ar-aJ2__(j;-6)2 ; • • 

(ii) -i ory + 2y^ - 2 t^ - xy - 2y^ = • | 

4. If x-{-y - p and xy = express in terms of jJ, \ 

11 . . „ „ l-a; 1-^ ) 


(i) 


-4-; (ii)x^-h^f-; (iii) 

‘‘ y 


-X Ij 

y • X 


5. A, B, C are points on a circle ; the tangpnt at C cuts AB 

*BC TB TC 

produced at T. It can be proved that ^ = ’ 

CA iC I A ^ 

(i) If BC ^ 3 in., TB - 6 in., TC - 8 in., find AC and AB ; 

(li) If BC - 5 in., CA -- 6 in., AB — 8 in., find TB and TC ; 

(lii) If BC - 6 in., CA - 5 in., AB - 8 in.,*find TB**^yid interpret* 

the answer. • 

• Q. 15 

* o • 

1. Factorise 2a6 - a* - 6-. 

(ii) Simplify -Q - j) • 

111 * 

2. If — 4 - - = - and u-i-v = k, express in terms of a, k 

u V a ^ / 

(i) uv ; (ii) (iii) (u-v)^. 

3. (i) l^ithoiU solving the equation, Ta?® - 46a; - 1 1 = 0, prove 

that one root is greater tlian 6. • 

(li) Solve «; = 2 /® “ 6 ; y~lx-\. ^ 

^ 4. TJie hypotenuse of a right-angled triangle is c indfies, atfd the 

• _ 36 

lengths of the other two sides are a, 6 inches. If 04 c piove 

thato = ~*'' 

1*5 
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5. In Fig, ’SSO, AB^AC ; COE is an arc of a circle, centre 

' t 



B* C 

FlO. 28 a 


If 7x=:l2y, calculate z. ABC. 

'| ' Q.16 

1, Pro v€j that 

/ (a: + 2 // (x^ - ri/ + 2/®) -(y + z) (y^ -yz + z^) 
l H- (c ~ a*) (s* + zx-i X-) = 0. 

111*1 * 

2. If — + - — H , find u in terms of 

u V u+1 v-1 

■3. Solve (i) 2<+5 = ^^^; 

(ii) xy^2lfyz — S5,x-^z = S, 

4. To convert degijeos Fahrenheit to Centigrade, one rule is 
V subtract 3?, 'multiply the result by ; another rule is *' add 6, 
multiply the result by subtract 6,” where 6 is a certain number. 
Forfivhat value of b do these rules agree? 

5. The lengCiis of two altitudes of a triangle aiw 3 in. apiS in. 
Prove that the length of the third altitude must bo less than 7| in. 
What length must the third altitude ex^ed? [The area of a 
triangle is J height x base ; any two sides of a triangle are 
together greater than ^he third side.] 


Q.17 • 

1. (i) Factorise (3a -• 66) (3c - 2d) + (46 - 2a) {d - c). 


(ii) Simplify 


3.r-7 


07+9 


x^ - 5x-^ Q j?® + a? - 6 a?® - 9 

2. Prove that (a; - 1)® is a factor of a;* - 4**^ ^ 3. 


3/ Solve (i) 


3a: + 6 


+ 4 a? + 2 ^ 
X "^a?+ 1 ' ’ 


a;- 1 

(ii) a7®-y*=16, ac + y=8, 

♦ 4 



V g^Jl tli'^ integri^itt»i^^^nf ^ whic 

betw«e»»3a;'- 5 tad 13^- 

5. The sum of one pair of angles of a triangle is 105 % tod ^ 
difference of another pair iat 46®. Prove th§jb tlH^tiiangle 
isdsoeles. 

Q. 18 • • 

1. If a? + ~= 3, find the values of (T) + ~2 * [P 

• - * A 

2. Prove that tlie value of 


(6 + j;)2 + (cTa;)* 2(6 +a;)(c + rr) , . 

does not depend on the value of x. ^ \ 

3. (i) For what values of a, c is a;* + a; - 1 a factor oi 
• 4- ax^ - 3a: 4- c ? 

1 • 

(ii) Solve a; - 1 )- — 0. 


4. With the data of Fig. 281, express x in terms of a, b. 



FlQ. 281. 


• 

5, TTo convert degrees Falirenheit to Centigrade t the rule is 
“subliact 32, multiply the result by f.*4 To convert degrees 
Centigrade to Fahrenheit, one rule is “ add k, multiply the result 
by f, 1^b tract A;,” where fc is a certain number. For what value 
of h dd lliese rules agree? 


Q.19 

1. ^i) If n is to even integer, what is the coefficient tf a;” in ^e 

series, 5a;« + 7aj® + 9a^+ ... ? ^ ^ 

(iiy If n is an od^l integeiT^ whe4# ih l6e.4i^£fioient of x”' in the 
series, 2a? + 3®* + • • 

fyl ' ' 

2 . If y2=p, 2a; = g, fl?y=r, express a? anS |||#terms of^. q, r. 



Ai^p)lm%' 


m Nim 
/lA 

3.^ (i) Solve i + i =. 

. .J. * ^ 

3c* , 3c j 

4in4 y* which 4 d^s not contain c, .* ‘ ■ 

Bow man^' n^iiiBurements most be taken in order td m^e 
(i)'^ triangle, (ii) a quadi^ateral, (iii) a pentagon? 

If M moasurements are required for copying an n-sidod polygon, 
fttwa. M iii t-»rm8 of n. 


an 0 t):dation ootmecting 


5, A cyclist rides 7 miles an bom ^uphill and 14 ixiiles an hour 
downhill. His average speed up and downliill is 12 miles an hour. 
What is the ratio of the downhill to the uphill portion of his 
journey? 


’ Q/20 

le The sum of two numbers, each greater than 10, is 84. Ea(‘h 
number is foj^‘ times th3 sum of its digits. What are the numbers ? 


2. SSimplify 


-x)(z -y) (x--y)(x-'Z) 


o oii ... x-2 ' X- 6 3 X 4 

3. Solv6 (i) - — -f- , -t - - „ ; 

.r-4 a* -5 

<ii) i - *1 = 4 xy-\ y^-~ 7. 


• 4, There isKme misprint (but only one) in one of the coefiidents 
of Hhe following simultaneous ^equations : loo? + ?/ - hi. 
7a? - iOy + 13-; - 76, So- + % | 52 - 65. The correct ans^iw is 
ac = 2, 3/— 1, 5. Which equation is wrong?. Find tire 

possible corrections. ' • 


5. TJie ratio of the number of the sides offtwo convex polygons 
is 2 : 3, and the ratio of the sums of their angles is 3 : 6.*\Find 









